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Introduction. 


B.M. 


کثیرا ما نحتاج لحساب قوه تحمل قطاعات الكمره للعزوم المؤثره عليها . 
أى نحتاج لحساب أكبر عزوم يستطيع القطاع تحملها فى الحالات المختلفه مثل : 


1 (M e) Cracking Moment 
. .م 14) هو العزم الذى تبداً عنده الخرسانه من جهه الشد فى التشرخ‎ ( 


2-(Mw) Working Moment 
(رر/) هو أكبر عزم مسموح به للكمرات الشغاله و الذى يجعلما 80 8ں ل‎ 
۳.5.2.14. لے یں فی طریقه‎ e یکون‎ (Mw) و اذا عرض القطاع لعزم أكڊر من‎ 
Working Stress Design Method 


(M ult) Ultimate Moment.‏ ا 
(1/) هو أكبر عزم يتحمله القطاع و اذا تعرض القطاع لعزم أكبر ينهار . 


4- (Mu.L.) Ultimate Limits Moment. 

( .ر ) هو أكبر عزم مسموح به للكمرات الشغاله و الذى يجعلما ٤‏ 80 )8ں ل 
و اذا عرض القطاع لعزم أکبر من (.1. ن ) یکون e‏ ہیں فی طریقه .0.1.2.11 
Ultimate Limits Design Method‏ 
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و لكى نستطيع أن نحسب العزوم التى يتحملها القطاع . 
يجب أولا دراسه بعض خواص الخرسانه و الحديد المستخدمين فى القطاع . 
و أيضا دراسه بعض الخواص الهندسيه للقطاع و معرفه بعض المبادئ الاساسيه للعناصر الانشاثيه . 


Stress Diagram For section under Bending Moment only. 


at Failure 


Strain Diagram For sections. 
Elastic Theory. 


هی نظریه تعتمد على أن TT Ta OS‏ 
و يلف القطاع داثما حول Neutral Axis (N.4.) J|‏ 


Strain Diagram. 
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Stress — Strain Curve For Concrete. 


Stress (Comp) 


Cracks 
Strain 


Fotr 


Stress (Ten.) 
هی أكبر اجهاد تتحمله الخرسانه فى الضغط‎ 
. و تتوقف قيمتها على تصميم الخلطه الخرسانيه‎ 


رتبه الخرسانه_ 
Feu (mmr | 18 |20 |25 |30 |35 |40 |45|‏ _ 


٣‏ هى أكبر اجهاد تتحمله الخرسانه فى الشد. 
واذا زاد اجهاد الشد فى الخرسانه عن هذه القيمه تحدث شروخ فى الخرسانه. 


N\mm® 


F 


ctr (Concrete Tension Rupture) 


ج ج ص حح ص ج ص ص ڪڪ ص ڪڪ ڪيڪ 
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Modulus of elasticity.(۸ک)‎  aigرمlا معاير‎ 


ا 
siraim‏ 


و کلما زادت قیمه (') کلما کانت الماده أصلب أی أن مرونتها أقل 
و لحساب قیمه () سیتم استنتاج قیمتما من شکل 
من شکل Stress-Stran Curve‏ لهذه الماده . 
Modulus of elasticity of Concrete. (Ec)‏ 


Stress (Comp) 


Eca after cracking 


Cracks kt— 


Ecı before cracking Strain 


Ec, = 4400 N Fou f N\mm? 


E C1 = modulus of elasticity of concrete before craking. 
. سء ۸٣s6-۴8)ء قبل التشرخ‎ ve و هو عباره عن میل خط ال‎ 


E Ca = modulus of elasticity of concrete after craking. 
. و هو عباره عن ميل المماس لل u«eء عند أى نقطه بعد التشرخ‎ 
٤ ولا يوجد لها معادله هی فقط ميل مماس ال ۴٣ا٠ عند النقطه المحسوب عندھا‎ 
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Stress—Strain Curve For Steel in Tension. 


Stress (Ten) اجماد الخضوع‎ Jie stress (Fy) 
اجھاد الکسر‎ ultimate Stress (Eure) 


Mild Steel 240\350 


High strength Steel. 360\520 
High strength Steel. 400\ 600 


Strain 


Modulus of elasticity of Steel. (Es) 
معاير مرونه الحديد‎ 


Stress (Ten) 


For all types of steel 


Eg = 2 «10° j N\mm? 


HE'g (Young’s Modulus) 


400/600 
360/520 


240/350 


Strain 
ح صضج ج ج ص ص جڪ ص ڪڪ ص يڪ‎  ح‎  ج‎ 
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Modular Ratio (7 


Es = constant = 2 x 10° N\man? 


Ec, = 4400 N Fey N\mm®-_-- before cracking 


E cs < E after cracking 
E 2x10 
Before cracking p= KS _ 3 <=10 
Ec1 4400 N Fou 
نے و‎ 
After cracking n= 38E = 15 
Ecz 


و معخاه إنه إذا حدث للحديد نفس الإستطاله الحادثه للخرسانه سوف 
يكون على الحديد إجهادات )7١(‏ مره الإجهادات الواقعه على الخرسانه. 


= 10 


Strain Diagram. 


و لأنة من المفترض أن القطاع المستوى قبل التحميل يظل مستوى بعد التحميل 
فهذا معناه أن الإستطاله 5٤١»١‏ الحادثه فى الحديد هى نفس الإستطاله 
الحادثه فى الخرسانه الملاصقه للحديد. 

و هذا معناه أن الاجهادات الواقعه على الحديد تساوى (7) مره الاجهادات 
الواقعه على الخرسانه الملاصقه له . 
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Important Syrbols. رموز ھام‎ 


7t۸ عرض القطاع‎ = 
Dept. glطقll عمق‎ = 
Area of tension steel ارات حدید الضد‎ 


Area of compression steel bii دıدح مساحه‎ A: 


€ = غطاء حدید اشد Tension cover‏ 
و يحسب من C.6.‏ أسياخ الحديد 


Effective depth ”آ١aeفlا اإلعمق‎ = d 


x 
Cl = 5omm Compression cover bill غطاء حدید‎ = d 
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Moment of Inertia. 


ملحوظه داشا نحسب ال [e٣60‏ ([) للقطاع حول Neutral Axis (N.4.) J|‏ 


8 ا 12 


= 1-00 (r +(bt) (ry 


J bt 72٦ 
3 8_8 


For Steel Bars. 
As 


۾ .“ى نمل ال [ حول ال .0.6 أسياخ الحديد و نأخذ فقط نقل المحاور 


2 
of thes 
notes 
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Special Cases. 


CG, 1 A. 
ED LL _ 


ر 


1 
0.424 ۵ | 


ا ا 


0 
0.424 7T 
ل‎ Îxy= 0.055 T 
ج ج حح ص ج ج ج ص ج جڪ ڪي‎ 
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Types of Sections. R-Sec.,T-Sec.,L—Sec. 


کمره وسطیه ( أى أن البلاطه من الإتجlھين‏ ( Intermediate Bean.‏ @ 


Sec. (2-2) Sec. (1-1) 
T - section R - section 
(D) Edge Beam. کمره طرفیه ( ای أن البلاطه من جمه واحده)‎ 


Sec. (2-2) Sec. (1-1) 
J, - section R - section 


ج ‏ ج ج ‏ ج ح ضصض ج ص ج ج ص ص ج ص ڪڪ جج ڪج 
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یجب أن یکون القطاع متجانس( )۸٥ ٥9٤۸٥18 e٥0۸‏ ای یتکون من مادہ واحدہ فقط 
أما اذا کان القطاع غیر متجانس ( ۸٥018 e٥0۸‏ ٥و٥٣٤٥۸)‏ ای یتکون من آکثر من مادہ 
فيجب عمل حل تخيلى و هو بأفتراض أن القطاع يتكون من ماده واحده فقط و هى الخرسانه 

و لان الاجهادات الواقعه على الحديد تساوى (70) مره الاجهادات الواقعه على الخرسانه الملاصقه له 
فمن الممكن ان نتخيل انه بدل الحديد الموجود فى القطاع يوجد مكانه خرسانه مساحتها (70) مره مساحه 


الحديد و موضوعه فى نفس المكان لكى تتحمل نفس القوى الواقعه على الحديد تماما فنستطيع 
حساب العزم الذى يتحمله القطاع التخيلى و يكون مساوى تماما للعزم الذى سيتحمله القطاع الاصلى . 


بهذه الطريقه نستطيع حساب ال ([) للقطاع التخيلى فتكون هى نفس ال ([) للقطاع الحقيقى . 
ر 
کک 


۳ Before Cracking 

d و‎ 

٤ ا‎ 9 ٤ 

1 6 6 r 11 0 

C RRS RRR ۃ‎ 
Real Sec. Virtual Sec. 


EEE cC‏ ا ا 
اط ج crack = n‏ / 
7 


hb [gros =Îgو‎  b— 


After Cracking 


Real Sec. Virtual S'ec. 


ملحوظه داثما نحسب ال »٣ع‏ م[ ([( للقطاع حول Neutral Axis (N.4.) JI‏ 


حح ج ج صصص ص ج ص ج ج ج ڪڪ 
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Before cracking. و1‎ 


without compression steel As 


8 
1 ر‎ e: 
Real Sec. 


Virtual S'ec. 


TD (before cracking) = 10 


C= cover From tension steel = (40 > 50) mm. 


Cd = distance From tension steel to maz compression Fibers. 


Ao = b«t— Ag 
و‎ Aoc+nAg = b«»t— Ag +n Ag b»t +(n- 1)As 


Av = bt +(n-1)A4g 


Tt = The distance From the C.G. of virtual Sec. to Tension side. 


Iy = bet + b«t (-¥,) +(-1) 4s (F-0) 
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with compression steel A$ 


Real Sec. Virtual Sec. 


N 
d = distance From Compassion steel to max compression Fibers. 


Ac = b»t— Ag — Ag 
ا‎ Aoc+nAg +n Ag 
=bDxt-— Ag Aş +nAsg +n Ag 


A= Dbxt+(n- (As + (Mm - 1A4 


Tt = The distance From the C.C. of virtual Sec. to Tension side. 


21 bt4 + (n-1) Ag «Cc + (n-1) Ag» (t-d) 
YJ, Dele + (-DAgso + (MD Age (t= 


A 


1 g = moment of inertia about N.A. For virtual S'ec. 


Err (n-1) A. (Y : 9-7 
def + bet (f - ¥,) + (-1) As (¥, -c + (n-1) A8 [(t-2)- ¥] 
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"ت 


After cracking. Ez2 
Ia 


عند تشرخ الخرسانه من جهه الشد يتحرك ال (.۷.4/) جهه الضغط قليلا ليوازن القطاع من جديد 
و بالتالى لن يكون ال (۸.4) عند ال (.0.6) القديمه للقطاع 

و لكى نستطيع أن نحدد مكان ال (.4.) الجديد نحدده عن طريق الاتزان 

أى يجب أن يكون مجموع ضرب المساحات فى بعد مركزها عن ال (.4.) أسفل ال (.۸.4) 
تساوى مجموع ضرب المساحات فى بعد مركزها عن ال (.4.) أعلى ال )١.4.(‏ 


Area »* distance = O „ (First Moment of Area) 


Sn 


U. ¬ TU. 
above (N.A) under (N.A.) 


YUU. means about (N.A.) For Virtual section 


MD For R-Sec. 


without compression steel As 


T0 ( after cracking ) < 15 


| | MM 
Get Z (From Comp. side) ف ِ1 ے‎ ۷ 
{ d 
c 
b(2)() = n As(d-2) 


Get J] کی‎ I (moment of inertia For cracked section) 


ج جح صح ج ج ج ص ص ڪڪ ص ڪڪ ڪي 
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with compression steel A8 ÎIF A4:> 0.2 4s 


o aE SSO 
TU ( aft king ) ~ 15 اا ر ء‎ 


Get Z (From Comp. a ي‎ 4 


b (7) (Z)+(n-1) Ag (Z-d) =n A4s(d-2) 


Get I] = Ty (moment of inertia For cracked section) 


2 
Z7” ,(m- 1(4 (Z-dY +n As(d-Z) 


ج ج ج جج ج ج ج ج ص جص ج ص ححص ج ي و 
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@ For T-Sec. or L Sec. 
( Tension Steel only) 


No Compression steel in T—sec.& L~—sec. 
To know IF the N.A. is above or under the Flange. 
Assume that the N.A. is exactly at the Flange. 


Calculate ( First Moment of Area) S nu. B 
above and under the Flange. 


ts  ZZIZZZ_N A. 
S'nu. (above) = (B»t 2 d-t 
( .) 2 nAs | 


S'nv. (under) = (n As)« (d-ts) 


@ IF Snw.(above) > S'nu. (under) I < 
. The sec. will act the same as R—sec. but with width B 


(after cracking ) ~ 15 B | 


Get Z (From Comp. side) ZÎ. 


S U. حح‎ Sn 
above (N.A.) under (N.4.) 


B(Z)() = n As(d-2) 0 


Get J] کے و‎ (moment of inertia For cracked section) 


3 
ا‎ B2 +n Ag(d-Z2) 
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Kor 1 


TP (after cracking ) ~ 15 b 


Get Z (From Comp. side) 


9S YU. CC So 
above (N.A4) under (N.A.) 


B (ta) (Z-& ) + b (Z-te)( gê )= n 4s (d-2) 


Get J] = Dn (moment of inertia For cracked section) 


B (ta) (2-ê J + BZ e +n As(d-2)‏ + ت ا 


حح ج ج جج جص ج ج ص ج جص ج ص ڪڪ ص جي و 
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Calculation of Normal stress on Concrete & Steel. 


LOL 


و لاننا نتحدث على کمرات فلا یوجد علیها قوی محوریه 70۲۳0 = 
My /‏ س F'- + My XC‏ 
Iy Ix‏ 
و لاننا نتحدث على وزان فقط و لا نتحدث عن قوی افقیه فبالتالی یکون العزم رأسى فقط My=7e ٢0‏ 


M N l1 st 
F- 4 Mz | TLE 


Normal stress 


© © 
پد‎ 
س ڪڪ ص ڇڪ س ڇڪ ڪڪ ڪڪ ڪڪ ڪڪ ڇڪ ڪڪ‎ 
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(Steel) 


Where :‏ 
ل هى المسافه من النقطه المحسوب عندها ال S٣۴88‏ حتى ال N.4.‏ 


[ هى ال n0ment of Inertia‏ للقطاع الشغال حول ال .۸.4 
و تساوی EF‏ للقطاع قبل التشرخ before cracking‏ 
و تساوی e‏ = للقطاع بعد التشرخ after cracking‏ 


ڇ ڇ ڇ ڇڪ ج ڪڪ ڪڪ ڇ ڇ ڇڪ ڪڪ ڪڪ ڪڪ ڇڪ س 
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M*Y 10, Mx (Ye-e) 
I و19‎ 


pe _ 15 + M+ (1-2)‏ ا 


MU 
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Stages of Beams under 
Variable Bending Moment. 
لدراسه خواص الکمره تحت تأثير‎ 1 1 
حالات التحميل المختلفه.‎ 


(Simply Supported ) oe ندرس‎ P 
اھ ےا ا في اله‎ E آل‎ 
کما هو مبین فی الشكل‎ 


. (0.w. (مع اهمال وزنها‎ P 
S.F.D. 
حيث يكون الثلث الاأوسط من الكمره‎ ۸ 1 


يوجد عليه .8.11 فقط . 


B.M.D. 
و لا يوجد علية .5.۴ و هذا هو‎ aS OES 


. الجزء هو الذى سند رسه‎ MHL 


بزیاده مقدار القوى ۲ يزداد مقدار العزم الواقع على على الكمره 2 M-=‏ 
و بدراسه الكمره مع زياده الحمل نجد أنها تمر بثلاث مراحل : 
y, Cracking.‏ — 0.0 -1 
-Cracking yy Forking.‏ 2 
Working ay Ultimate.‏ - 3 


1l- Cracking Stage. M =0.0 > Me 
e۸0۸ 8de هو الحمل الذی یحدث عندہ اول شرخ فی الکمرہ من جمه الشد‎ 
Mor.= (B,.« L ) \3 
2- Working Stage. My > Mo 
ر۶ هو الحمل الذى يصل عنده الاجهاد على أى من الحديد أو الخرسانه الى مااس ما۴‎ 
My = (RBy* L)\3 
J3- Ultimate Stage. M, > Mant 
هو الحمل الذى يحدث عنده انميار للكمره أى يصل الاجهاد على الخرسانه فى الضغط الى سه‎ 
Matt= (P+ L) \3 أ یصل الاجھاد على الحدید فی الشد الى ر۴‎ 


سد س اسهد سسس سسسب س س م 
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Normal Stresses Diagram 
For beams subjected to Bending Moment only. 


P=Pn P-= -P, P=P P#zero P=zero 


0 ® @© @ ©@ 


normal stress = Zero J| قبل التحميل يكون‎ -١ 
فى بدايه التحميل يحدث شد فى السطح السفلى و ضغط فى السطح العلوى‎ - ۲ 
28 حتی يصل فى منطقه الشد الى‎ "٥۳۳"1 یt٣٤٤s مع زیاده الحمل یزید ال‎ - ۳ 
و عند هذه اللحظه یسمی الحمل ر و یسمی العزم ي 1ا‎ 
ع - مع زياده الحمل تظهر شروخ فى الخرسانه فى منطقه الشد‎ 
) الجزء المتشرخ من الخرسانه لا يؤخذ فى الحساب أى كانه غير موجود‎ ( 
Allowable stresses Î, و مع زياده الحمل يصل الاجهاد فى الخرسانه فى منطقه الضغط الى‎ 
Allowable stresses Fg أو يصل الاجهاد فى الحديد فى منطقه الشد الى‎ 
و عند هذه اللحظه یسمی الحمل رر۶/ و یسمی العذم ر۷‎ 
مع زياده الحمل يزداد الضغط على الخرسانه و يحدث تغير غير منتظم فى الاجهادات‎ - ۵ 
على الخرسانه‎ n0n linear stresses 
حتی يصل الاجهاد فى الخرسانه فى منطقه الضغط الى م‎ 
أو يصل الاجهاد فى الحديد فى منطقه الشد الى ر‎ 
و تبداً الكمره فى الانهيار و عند هذه اللحظه يسمى الحمل ر و يسمى العزم پ۷1‎ 
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و عنده يصل الاجهاد فی الخرسانه فی منطقه الشد الى ہ٣‏ 


2 


= 0.6 N\mm 


Cracking Tensile stress. (Concrete Tension Rupture) 


.F_ M*Y +, MM. F*I Cr. 
1 J 3 
at cracking Ie 
N.A 
F' at point O = n — 
th 
ا‎ 
= M ® 


My= Cracking moment 


Moment of Inertia around N.A.‏ = و 
(For virtual sec.)‏ 


Distance between N.A. to extreme tension Fibers.‏ = ,ك 
(For virtual sec.)‏ 
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عندما یکون شكل المقطاع معطی و مطلوب .م ۷ 
أى يطلب قيمه العزم الذى سوف يسبب التشرخ للخرسانه فى منطقه الشد . 


تنکون خطوات الحل کالاتی : _ 


5 
_Es _ _ 2*10 ~~ 10 


| - نحسب YU‏ ڪڪ 
Ec1 4400 N Fu‏ 


۲ - نحسب ر4 المساحه التخيليه للقطاع بالكامل 44 (۸-1) +4 (۸-1) + =۸٥‏ ہ4 


Tension Side د١Jشلا و تکون من جهه‎ PEON نحسب‎ - ٣ 
=1, فخت 8 و هو عزم القصور الذاتى للقطاع التخيلى بالكامل‎ 


Fer =0.6 NF, نحسب ہي[‎ ۵ 
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Example. 
Data... ار‎ Pascal 
Hy = 25 N\mnîê = 25 Mpa 
St. 360/520 ا‎ 
Req. 4 $22 
س0 چوا ا‎ 


For the shown Cross—Section 


Calculate M cr. 


Solution. 2 
ڪڪ‎ Ag= 4%22 = 4 ] ]غ‎ = 1520mm 


5 
0 71y = Es __ 2*10 = 9,09 وچ‎ 7 =10 
Ec 4400 N25 450 


A= Ac + (m- As 


Any = 250» 500+ (10-1) (1520) =138680mn 50 
Tension Sida, 


0F = 250» 500» 250 + (10-1) (1520) (50) 280.27 mm 
138680 


0 


® © 


3 2 
I gross = a + 250» 500 )250- 230.27( + )10- 1( )1520 ( ) 230.27 50( 


= 3097388472 mrî 


Fer =0.6 VE = 0.6 ۱ 25 = 3.0 N\mm 


F 
M,, = etr* lg _ 3.0. 3097388472 _ 40353347.9N.mm 
J 230.27 
ا‎ 


_ 40353347.9N.mm = 40.35 kN.m 
10° 
Mor=40.35 kN.m 


ج جج ح ‏ صض ج ج ج حح صضصضڪص ج ص ڪج ج ڇ يڪ 
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Example. 


- 1 
0 2 $22 
Data. 2 
FK = 25 N/mnî = 25 Mpa 1 
St. 360/520 500 
Fe: Calculate M cr. ا‎ 4%22 
“250ا‎ 


١ 2 
Solution. Ag= 4422 = 4 | = 1520mm 


2 
A= 2 p22 = 2 ] £ [= 760 


ر 250-1 


We can neglect As 


2 0.50 < 0.2 * We can’t neglect A4 


0 n= Es 210° 
Ec 440025 
2 Ay= b»t+(n-1)Ag +("-1) Ag 


A = 250» 500 + (10-1) (1520) + (10-1) (760) = 1455620 MM 


710 چ 9.09 = 


@ YJ, = 250+500» 250+ (10-1) (1520) (50) + (10-1) (760) (450) 240,6 mm 
t 145520 


3 2 2 
@ I e 0 +250» 500 (250- 240.6) + (10-1()1520( ) 240.6 - 50 ( 


2 
+ (10-1) (760) (450- 240.6) = 3412106414 mn 


© Fw = 0.6 \F, =0.6( 25 = 3.0 N\mm 


“ © ¥ ل ے‎ e" ~~ 425440967.7 N.mm 
7 240.6 
ا‎ — 42.54 kN.m 
10 


Mor=42.54 kN.m 
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Example. 
Data. 


Hy = 25 N/mmî = 25 Mpa 
st. 360/520 


Reg. Calculate M cer. 


Solution. 
کے‎ 2 
Ag= 8 p25 = 8 [TA ] = 3927 mm ا‎ 
2 120 
IF A$<0.2 Ag We can neglect As 780 
م 18 م‎ = 0.135 < 0.2 “ We can neglect A8 
s 75,1 
/ ا‎ g00 


5 ۱ 
Dn = #4 = 12ع‎ = 909 > 1-0 
0 e! [+ 


© A= Ac + (n-1) Ag =120»1900 +780» 300+ (10-1) (3927) = 497343 mm 


280 
@ YJ, = 120+ 1900 (780+60) +780» 300» (2 °)+ (0-1) (8922) (5) _ 673.9 mm 


497343 n 
2 3 lm 
@ I — 0012 4 1900+120 (780+60- 573.97 300780 1120 
gross 12 12 
2 2 
+ 300+780 (578.9-78 )+ (10-1) (8927) (573.9-75 ) 1 


= 44992510490 mr 
® Fer = 0.6 VF, =0.6 25 = 3.0 N\mmî 


I: = 235.19 kN.m 


Mor=235.19kN.m 


ج ج ج جج حح ص ج ج حح ج صضڪضڪ ‏ ص ص ڪڪ ص يڪ 
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Example. le. 


r1 200 
120 5 120 
| 0 


اوا ا 


TT E 1 
We can e the Sec. an easier Cross—S'ec 


and has the same properties. (area Ys As,C,I & Mor ) 


Data. F 256 N\mm Sl. 360/520 


Reg. For the shown Cross-Section Calculate M er 


2 
Solution. A= 8 p22 = 8 [= 3041 mm 


ODn= E L8 ___ 210° = 9.09 و‎ 7 =10 
e 4400 25 


® Au= Ac +(n-1) Ag = 1201200 +580» 400+ (10-1) (3041) = 403369 mm 


٦-1200 —- 
® = — 1200*120» (580 + 60) + 580*400» 22° + (10-1()3041( )50( 


403369 


E 
e a 


2 ا400 ا‎ 
2 
® Î oss= 


2 
1200*120 400+580 580 
` ء1‎ 1200 120 )580+ 60-38.77 (2 , 400 580).7 
gross 12 £ * ( )+ 12 + * ( ) 


2 
+ (10-1) (3041) (398.7-50) = 21130115740 mr 


® Fer = 0.6 VF, =0.6 (25 = 3.0 N\mmî 


© Me= Fotr* Ig _ _3.0* 21130115740 _ 1589926594 N.mm 
7 398.7 
ا‎ 


= 159.0 kN.m. 
Mor=159.0 kN.m 
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Example. لمم‎ 000 


Data. 25 N\mrîê 


St. 360/520 


Regd. Calculate M or. د0ا‎ 


. 2 
ا‎ Ag= 12 025 = 12 [A ] = 5890 mm 


E 105ء2‎ 
p= ks ___ <I  _ ~~ 909 >y 7 =10 
0 Ec 4400 (25 


® Av =Ac +(P-1) Ag =140»«1000+ 860 »250+ (10-1) (5890) = 408010 mrî 


] 1000--—- 


E E 140 
Vt E 
O7 — 1000*140 +70 +250» 860 » (°+ 140) + (10-1) (5890 ) (50) ۰ 
408010 
= 330.87 mm ا260‎ 
I 1000*140 2 250»86Û 860 2 
+ U GOV 1 
@ gross = ® +1000 140 (330.87-70) , 0 860 „ 250.860 ) 160 +140-330.87 ` 
2 
+ (10-1) (5890 ) (330.87 -50) = 39483504630 mm 
F 
© My = lotr Ig _ _3.0+ 39483504680  _ 35657997140.565 N.mm 
— 330.87 
CZ = 358.0 kN.m. 
Mor= 358.0 kN.m 
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Working Moment (My) 
OR Allowable Moment 


عندما تتشرخ الخرسانه فى منطقه الشد 3 
d‏ 


يتحول القطاع الفعال كما بالشكل 


الى خرساته فى منطقة الغا 


2 
1 
و حدید فی منطقه الشد . ا 


أكبر إجهاد تتحمله الخرسانه فى الضغط ر٣‏ 
أكبر إجهاد يتحمله الحديد فى الشد أو الضغط ر٣‏ 


و إذا زادت الإجهادات المؤثره على أى من الخرسانه أو الحدید عن ٣‏ أو ر٣‏ 
يحدث إنميار للكمره . 

لذا فنعمل على أن تكون الإجهادات المؤثره أقل من ره » ر٣‏ حتى لا يحدث إنهيار للكمره . 
و هذه الإجمادات تسمى (الإجهادات المسgaح‏ ڊla( Allowable Stresses‏ 


أى أنها أكبر إجهادات نسمح بها لكى تؤثر على الحديد و الخرسانه مع ضمان عدم الإنهيار. 


Allowable Stresses For Concrete — 1 


Allowable Stresses For Steel = 1 


E own | 7.0] 8.0] 8.5 [10.8[71.6[725 


Egyptian Code 
Poge (5-2) 


جج ج جح حح ص ج ج ج ص ص ص ج جص جي 
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Egyptian Code Page (5—2) 
TT TT 


اقفر 

ا ا ا ا 

بدون تسليح في البلاطات والقواعد 
بدون تسليح في الأعضاء الأخري 


وجود تسليح جذعى في جميسع 


الم ات 
صي طرق 240/950 
280/450 
360/520 
400/600 
5-الشبك اال 0 املس 
کی اک ا کی اکت 
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Calculation of Working Moment. 


تعريف ال (ر,1[) هو العزم الذى يجعل الاجمادات تصل e‏ 
على أى من الحديد أو الخرسانه |JآJ Allowable Stresses‏ 2 


فى المسأله عندما يعطينا القطاع و يطلب تحديد ر 
کون خطآات الحل كالاض 7 


Modular ratio after cracking T™ = 15 نأخذ‎ 


۲ - لتحدید مکان ال N.4۸.‏ 2 
| 
و ذلك بان نأخذ 0٣ء7‏ = ا 1 N.A.y‏ 


۳ - نحسب قیمه رم[ و هو عزم القصور الذاتى | | 


للقطاع الشغال حول ال N.۸4.‏ 
ع - نحسب قيمه العزم الذى يجعل الإجهادات على الخرسانه فى الضغط م 


٣ے نحسب قيمه العزم الذى يجعل الإجهادات على الحديد فى الضغط‎ - ٦ 


(ممکن إهمال هذه الخطوه ) ا )&( Ma‏ 


Z-d` 
للقطاع‎ Mw ناخذ القیمه الاقل من ہر و ورس وور فتکون ھی‎ -۷ 
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For T—S®Sec. Actual stress distribution 


فی ال €٥.‏ 7-5 پحدث زیادہ کبیره فی الاجهادات على خرسانه البلاطه فوق الكمره مباشره 
فيكون شكل ال 5٠٣6ء‏ على اعلى خط أفقى فى القطاع غير منتظم (كما بالشكل) . 
یجب ان یکون ال وs‰٤٣)یء‏ عند کل خط افقی فی القطاع منتظم (قیمته ثابته) . 


لذا سنعتبر ان اعلی خط فی القطاع عليه 8٥٣6ء‏ منتظم بقیمه ٣۴۲‏ ۶ 


Average stress distribution 


ea stress n 


KK 
N 
5 
N 
aE he 1 


° For T—Sec. 


جج ج ج جح حح ص ج جڪ ي جڪ ڪڪ 
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Special Case. 


2 
gc 


I—Sec. | 


Mn, _ (FFe)xIrw 
6 


not as T—S®Sec. 


Myc = _(F*Ire 


Example. 


1.5 P 


2.5 1.56 P 
اوع,2 اس0 ,6 اسم ا25 ,2ا‎ 


۲ 7 %18 7 3%16 


800 
1 ۴۳ 6 p22 
“00وا‎ 1 
Data. 


00وا 
Sec. (2-2) Sec. (1-1)‏ 


neglecting 0.W. 
Fy= 25 N\mr 


Hy = 360 N\mmî 
Reg. 


Find the allowable working loads ( P,) 
acting on the beam. 


Allowable stresses 


N\mmt >y Fe =9.5 N\mm‏ 5 = ر 


—— > Fş = 200 N\mrê 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 
Downloading or printing of these notes is allowed for personal use only. 


Behavior of Beams under Bending 
y 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 36 


Fı = 360 N\mrê 


Solution. 


3416 50 ص 
Sec. MD ٤‏ 


2 800 
As= 6 p22 = 6 ا‎ — 2280 mm 
Ag= 3%16 = 3 [s16] = 603 mm s0 6 p22 
ا‎ 
(MO Take n-=15 Z2 400 603 


@ Get Z ùy taking 1 
750-3 


b(z) (Z)+(n-1) Ag (Z-d)= n As(d-2) 2280 


300)7Z( 2 + )14()603( )7-50( = )15( )2280( )750-7( 


Z7 = 298.3 mm 


2 
@ Get ny = DZ’ +(n-n Ag (2-y +n Ag (d-2) 


3 
Inu = 300 (298.3) 4 )14( (603) (298.3-50, + )15( )2280( (750 - 298.8 
4 


3 
= 10162768140 mm 
@ Maya e rw _ 9.5% 10152758140 _ 323336246.6 N.mm 
Z 298.3 
= §23.33 kN.mm 


299690300 N.mm 


(E) »1 mw _ 4ک_‎ 0)» 10152758140 
299.7 kN.m 


d-zZ 750- 298.3 


© Mw = 299.7 kN.m 


O Mus = 
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Sec. @ 0 


As= 7418 = 7 [T18] = 1781 mm 7%18 
0 Take ™"m=15 
ا‎ 


1781 3 )Z-d(وA4 n"‏ = (ے) (Z)ظb‏ 
ا ( 7 - 750) ( 1781) (15) = () (300)7 


مم وا 
cet IL = b2" +n A4 (d-2) ۰‏ @ 
)72-d(وAg‏ + Get ny = E‏ 


3 
= ا‎ + (15) (1781) (750- 287.1) = 8090856524 mm 


@ Mwc 3 Fe + Î nw 5ے‎ x 8090856524 — 267722525 N.mm 


2 e = 267.72 kN.m 
EF 200 
@ Mus = (E) * mw _ j) * 8090856524 _ 2330482862 N.mm 
` Rg 750 - 287.1 = 233.05 kN.m 


® §Mwaz= 233.05 kN.m 


جج ج جح ص ج ص ج ج ص جص ج ص حص ج يڪ و 
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Actual Moment. 


5 P2 2.6 7 0 7 
2.75 P 2.75 P 
60ا25 .2ا‎ 5.0-2. 25- 
3.375 P 3.375 P 


OMS 0 SMM 
Ni ۸ 


® TDP 


Sec. © M ج‎ 2.875 P 
CCL. 


To Get F> M,; M, 


“. 2.875 RB, =299.7 kKN.m > PF,, =104.24 kN 


3.375 P 


Sec. @ M 


To Get F> Mr M, 


. 3.375 By =233.05 kN.m > Fg =69.05 KN 


2 For all the beam is the least one of r 


By =69.05 kN 


ج ‏ ص ح صضج ج ج ج ص ضضض ج ص ڪڪ ص يڪ 
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Example. 


1 _ 
W = 90 kN\mr 100 6 #22 
س‎ 500 
ا 20 ا‎ 2 p22 
Data. ا 200 ل‎ 
Sec. (1-1) 


N\mmî Fy = 360 N\mm‏ 25 ت 
Reg.‏ 


Find the maximum design length For the cantilever. 


Solution. 


2 
As= 6 p22 = 6 [TE] = 2280 mrî 


2 
Ag= 2 p22 = 2 [TEA] = 760 mr’ 


760 
>. س‎ 0.33 0.2 ° ` 
a > We can’t neglect A3 


Allowable stresses 


Fy = 5 N\mm® zy Fe = 9.5 N\mmî 


Fy = 360 N\mmî > Fg - 200 N\mmî 


جج ح ‏ صض ج ج ج ص ص جڪ ص جي 
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: Sw 
bظ)7Z)(‎ (2)+(n-1) 4g (Z-d) =n Ag (d-2) A 50 


(M0 Take n-=15 
EC 5ے‎ 500 
@ cet 2 by taking 1 
ا‎ 


ا 
(Z-50) = (15) (2280) (425-7) °‏ )760( )14( + )( )200(2 


Z= 224.0 mm 


2 
@ Get ا‎ DZ’ ,(n- 4g (2-J +n Ag (d-2) 


3 
224.0% - 425( )2280( )15( + 224.0-60( ) 760( )14( + 0 ت 
4 


= 2453145773 mm 
@ Mwe = Fe +*Înw “7 104039664.5 N.mm 
2 1 = 104.04 kN.m 
EF 200 
® Mws = E) + _ E) «2458145778 = 162729404.5 N.mm 
d-Z 425 - 224.0 = 162.73 kN.m 


© [Mw = 104.04 kKN.m W = 90 kN\m 


Actual Moment = SS 
- WL 
_ ي 901س‎ 
act. 
To get the maximum design length — ], 
e Mr 


45 L- 1041.04, ÎL = 1.52 m 


ڪڪ ج ج ص چ ص ج جج > ڪڪ ي 
Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Behavior of Beams under Bending‏ © 
Downloading or printing of these notes is allowed for personal use only.‏ 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 41‏ 


Example. 
ممل‎ 2000 uuuuہج‎ 


Data. ۳ 
Fy = 25 N\mm 1000 
20425 ا‎ 


Fe 


- 360 N\mmî 


Regd. Calculate Mw 


2 
4= 20425 = 20] [= 9817 mm 


Allowable stresses 


CW 


۳, 


25 N\mmî چ‎ Fe = 95 N\mmî 


360 N\mm > Fg = 200 N\ mm 


To know IF Z is bigger or smaller 


than the Flange thickness = 150 mm 


S'nv. (above) = 150» 2000 » (75) = 22500000 mrî 


S'nu. (under) = 15 «9817» (800) = 117804000 mm 


.“ Snu. (under) > S'nu. (above) 
 Z>150 mm 


9817 mnî 
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EEE EEE. 


(OD Take n-=15 } Tass = E 20 6 
کک‎ 1 


e 
950-Z 


e 9817 mrî 


@ Get 7 ùy taking 


(2000) (150) (Z- 75) + (400) (Z- 150( )150( = )15( )9817( )950-7( 


Z= 3845.9 mm 


41, °° 1 CCC dd LLL 
۱_159 __ NI ورو‎ | 20.9 
400ا‎ 
604.1 | 
اا‎ 1| 817 mrî 
3 
In = 0 + (2000) (150) (270.9 + E 
+ (15) (9817) (604.1 = 77319715280 mrî 


2: 
@ Mo e sw دی‎ 


2 
_ (39.5% 77819715280 _ 1415702601 N.mm 


e = 1415.7 kN.m 
F 
S8 ( ٭‎ I 
® Mas = 
d-Z 
200 
ا[سکك‎ ×x 77319710 
5 ( 15 /* = 1706554439 N.mm 
950 - 345.9 ت‎ e e 
© |Mw= 1415.7 kRN.m 
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FF = 25 N\mm 


CU 


Fi, = 360 N\mm 


Reg. 
Calculate M 4 8 $25 
ا200 ل‎ 


Solution. 
a 2 


Allowable stresses 
= 25 N\imm zy Fe= 9.5 N\mm 


FH, = 360 N\mm zy Fg- 200 N\mm 


Inertia For right angle Triangle 


To know if Z is bigger or smaller 
than 300 mm 8 


S' nu. (above ) = (200) (300) (150) + 2 (100) (100) (150) 
+2 (-) (00)00) (66.6) = 12666000 mm 


S'nu. (under) = 15 +» 3927 * (450) = 26507250 mm 


°’ Snu. (under) > S'nv. (above) 


ا200 ل 
 Z> 300 mm‏ 
ڪڪ ڪڪ 
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i E 
OD Take n-=15 5 


Z2 
@ cet 2 ty tain tea re) Tg 1 


200(7) )( + 2 )100( )100( )7-150( ا‎ 
+ 2 (-)(100) (100) (Z- 233.4) % 


= )15( )3927 ( )750- 7 ( 


3 
@ Get 9 = 200(287.77)  ے‎ (00-100) +2 (100) (100) (387.77-150( 


مما 


+2 (100) +2 (1)(100)(100)( 387.77-4 


4 
4 )15( )3927( (750 ¬ 387. 7 = 13007509270 mm 


@ Myo = le *lnu _ 9.5* 13007509270 _ 818671733.5 N.mm 
= $18.67 kKN.m 


EF 
O Mus _4( 1 _ (7) * 13007509270 _ 478793741.5 N.mm 
d—Z 750-7 = 478.7 kN.m 


© IMw= 318.67 kN.m 


جج ج ححح حح ج ج ج جج ج ص ص ج ص ڪڪ صي 
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Example. 100 100 


200 ¬ 
Data. 200 
Fy = 25 N\mrî 
KH, = 360 N\mm 900 
700 
a 10%22 
Calculate M 5 OTE 


Solution. 

As= 10% 22 = 10 [1:241 = 3801 mm 
Allowable stresses 

FHy= 25 N\mm > Fo- 9.5 N\mm 


H, = 360 N\mmî > Fg - 200 N\ mrî 


Inertia For semi circle. 


ا 7 7 ± | 4 


ا 7 ا 


To know if Z is bigger or smaller 100 400 100 
than 200 mm اا‎ E 


2 
S nv. (above) = 9 (84.8) = 5328141.1 mmî 
S'nu. (under) =15 » 3801 » (650) = 37059750 mm ت‎ 


N 
© 


.“ Snu. (under) > S'nv. (above) 
“ Z> 200 mm 


لم60 ا 
ج د د ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ o‏ ڇڪ 
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MD Take "n =15 


S کے‎ 
@ Get Z by taking oe (N.A) nder(N.4) 


Ca (Z-115.2()+ (600) (7-200) )2-200( 
= )15( )3801 ( )850-7( Z— 381.92 mm 


2 2 
@ Get 8 > 0.11 (200% غ‎ E (381.92 -115.2( 
3 2 
س‎ + )15( )3801( )850 - 381.92( 
4 
= 1831418776140 


@ Myo e+ _ 9.5% 18341877640 _ 456241719 N.mm 


2 381.92 = 456.24 kN.m 
F 
sS), [ 200 
س‎ (× 
O Mg = Fl _ Cf) * 18341077840 cag 00 mn 
ad—7Z 850 - 381.92 = 522.47 kN.m 
© Mw = 456.24 kN.m 
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(Mutt ) 


Introduction of Ulttmate Moment. 


Types of Failure For Sections subjected to B.M. only. 


stress Stress—Strain curve 
(N\mm® ) For concrete in compression 


استطاله الخرسانه عند الانهيار 


strain 
Stress Stress—S'train curve 
(N\mm® ) For steel in tension 
E TIEN 
E<F, 


Strain 


8 127 127 


I FEF, 210° 


e 


Es 2+105 


when Es2> 5, sy Fs = Fy 


حح ج ج حح جج ج صصص ج ج ص حح ج ي جج جج 
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Types of Sections at Fartlure. 


كميه الحديد Under Reinforced Sections. alal‏ @ 
و فيه يصل الاجهاد على الحديد الى أقصى مقاومة له ي“ 
بینما لم يصل الاجهاد علی‌الخرسانه الى أقصى مقاومه لعا ر . 


Has a (Ductile Failure ) 


إنهیار غير مفاجئ 


or called (Tension Failure) 


@ Balanced Sections. aطÙطسوgتn كميه الحديد‎ 


و فيه يصل الاجهاد على الحديد الى أقصى مقاومة له رأ فى نفس الوقت 
الى صل فته الأحماة على الأكرسانة الى أقصى مقارومة لها ا 
Has a (Brittle Failure )‏ 
انهیار مفاجئ 


or called (Balanced Failure ) 


كميه الحديد بير Over Reinforced Secti0ns.‏ @ 
و فيه يصل الاجهاد على الخرسانه الى أقصى مقاومه لها ر 
قبل أن يصل الاجهاد على الحديد الى أقصى مقاومه له ر . 
اا ا ) Has a (Brittle Failure‏ 


or called (Compression Failure ) 


جج ج ج صح حح ص جج ج حح ج ضضض ج ص جڪ صي 
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(OM Under Reinforced Sections. 


و فيه يصل الاجهاد على الحديد الى أقصى مقاومة له #٣‏ 
بینما لم یصل الاجهاد علی‌الخرسانه الى أقصى مقاومه لها ن . 


أى يزيد عرض الشروخ كثيرا قبل حدوث الإنهيار 
( أى قبل أن تنكسر الخرسانه من جهه الضغط ) 
و هذا الإنهيار هو المفضل لأنه إنهيار غير مفاجئ . 
(Ductile Failure)‏ 


0.003 


\ // . & 
کبیر جدا ۱ عرض الشروخ کبیر جدا Strain Diagram‏ 


و ڀسمى Under Reinforced S'ecti0n.‏ لان کمیه الحدید به تکون قلیله نسبيا . 


Stress (N\mm®‏ 8 سا قصب 
Stress—Strain curve‏ ) ا ( تصل الخرسانه الى أ إجهاد لما Fou‏ 
For steel in tension‏ 
concrete in compression‏ & بعد وصول الحدید إلى ل 12 


ج ج ج ج ضح ج حح صضڪصڪ ‏ ج ص جڪ جص يڪ و 
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@ Balanced S'ection. 


و فيه يصل الاجهاد على الحديد الى أقصى مقاومة له رأ فى نفس الوقت 
الذى يصل فيه الاجهاد على الخرسانه الى أقصى مقاومه لها أ ٠‏ 


و يحدث الإنهيار بإنكسار الخرسانه من جهه الضغط . 
و هذا الإنهيار غير مفضل لاكه إنهيار مفاجئ . 


( Brittle Failure) 


0. 003 SS 38 ES 
00 
aS 
9 

6 ا 


e 


م 
سے 
&ے ‏ 
_ 
_ س ا 


ڪ | 


› deflection J| aميق‎ 


// . هھ 0 
ےکک 4 عرض الشروخ صغير Strain Diagram‏ 


و يسمى 5e0.‏ unced4ا»مB‏ لأن الخرسانه و الحديد يصلوا الى مرحله الانهيار 
فى نفس الوقت تماما (و هذه حاله نادره الحدوث فى الواقع ) 


S٣8 ) ۴ (‏ تصل الخرسانھ الی اقصی إجماد لھا ر 


S'tress—Strain curve 
For steel in tension 


2 فی نفس وقت وصول الحديك إلى ل‎ & concrete in compression 


F,=F, 


Strain 


E6 3 


ج ت ج صح صح حح ص جج ج ج ص ج ص جڪ جص يڪ و 
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(@ Over Reinforced Sections. 


و فيه يصل الاجهاد على الخرسانه الى أقصى مقاومه لها ر 

قبل أن يصل الاجهاد على الحديد الى أقصى مقاومه له ر . 

و يكون عرض الشروخ صغير جدآً قبل إنهيار الخرسانه فى الضغط . 

و هذا النوع من الانميار سيئ جدا لاأنه لا يعطى أى مؤشر قبل الإنهيار . 


( Brittle Failure) 
0.003 


Es<Ey 
قلیله جدا‎ 


ق 
تک / عرض الشروخ صغير جدا Strain Diagram‏ 


و مى Over Reinforced S'ecti0n.‏ لان کمیه الحدید به تکون کبیره . 


S۴8 ) ۴ (‏ تصل الخرسانھ الی اقصی إجماد لھا ر 


S'tress—Strain curve 
For steel in tension 


2 قبل وصول دید إلى ل‎ & concrete in compression 


E, <E, 0.003 


ج ج ص صح ص جج ج ص ج ص جص ج ي 
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Over 


Balanced 


Behavior of Beams under Bending 
Page No. 53 


Under Balanced 
0.003 0.003 
Under Balanced 


Fe=Fy —— 
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Strain Diagram at Farlure. 


ste Theory‏ هی نظريه تعتمد على أن شكل القطاع المستوى قبل التحميل 
يظل مستوى بعد التحميل . 


أكبر استطاله للخرسانه فى الت 
اج 


\ 
الاستطاله عند ال /N.4.‏ تساوی 0٣عze ١‏ 


ت کڪ 


Strain Diagram. 


Strain Diagram. 
at Falivure 


ج ج ح ‏ صضج ج ج ج صح ص جڪ ص جڪ جص ي 
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0 Under Reinforced Sections. 


—طb‏ س 0.003 


LNA. 


Strain 
Diagram 


@) Balanced Sections. 


note | Cu< Cb < Co 
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Stress Diagram at Farlure. 


Normal Stress diagram J| Jلكش ممكن استنتاج‎ 
Stress—-Strain curve J! a Strian diagram ùئ من شکل کلا‎ 


0.002 0.003 Strain Normal Stress 
Stress—Strain curve Diagram Diagram 


فى البدايه عندما كان ال S٣»‏ قليل كان ال ٠٣ء‏ قليل و كان فى البدايه خط مستقيم 


stress ٣ 
C C 
ا ا‎ 
7 Fs 
| strain 


: Strain Normal Stress 
Stress—Strain curve Diagram Diagram 


عند وصول ال 5٤٣»‏ الى قیمه 0.002 یکون ال 5٤٣٤8‏ أخذ شکل منحنی و وصل الی قیمه ہ٣‏ 


0.002 Strain Normal Stress 
Stress—Strain curve Diagram Diagram 
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عند وصول ال ه٣56‏ الى قيمه 0.003 تبداً الخرسانه فى الانهيار و يكون ال 5٤٣٠88‏ و صل الى قيمه ر 


2E 
س‎ 0.003 i 


0.003 Strain Normal Stress 
Stress—Strain curve Diagram Diagram 


Normal Stress 
Diagram 


لان شكل ال 5۳٤58‏ منحنى لذا فصعب التعامل معه لاننا اذا اردنا حساب مساحه المنحنى 

أو تحديد مكان المحصله سنحتاج استخدام التكامل . 

لذا لتسهيل الحسابات سئلجاأً فى الحسابات ل 5٤٣۴88‏ مكافئ يسمى Equwalent Stress diagram‏ 
على شکل مستطیل لکی يكون سمل فى الحسابات 

و لکن شرط أن تكون مساحته هى نفس مساحه ال وو٥٣٤S‏ الاصلى 

و مکان محصلته هو نفس مكان محصله ال وو٠٣)؟‏ الاصلى 
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Equivalent Actual Stress 
Stress Diagram Diagram 


لکی تؤثر محصله ال re88)؟ Ewi vule n)‏ توثر فی نفس مكان المحصله الاصليه أى على بعد € 0.4 
اذا سیكون طول ال Equivalent Stress‏ يساو 1 حيث ( € L=0.8‏ ( 

و بتساوی مساحه ال Stress‏ entاEFyuivu‏ بمساحه ال و١٥٣ 8S)‏ الاصلى المحسوب بالتكامل 
اتضح ان القیمه الثابته لد Eu ve۸٤ St) re‰s8‏ تساوی . 


ج ج ج جج ج ص ج ج ص ج ج ج ص حح جج ڇ يڪ 
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شکل ال $68 ۸6»ا»ivسيE‏ المستنتج بحیث نکون قیمه و مکان محصله القوی له تساوی نفس 
قیمه و مکان محصله ال res8غ$S R-Seo, T-Seo., L-Seo. & Trapesoidal Sec. ٽ|عelطhقll 4ctual‏ 


اما اى شكل اخر مثل القطاعات الدائريه او غير منتظمه الشكل 

فیجب علینا لتحدید قیمه 01 التى تجعل قيمه و مكان محصله القوى على الخرسانه 
لشکل الess Str‏ untاvuاuاEg‏ هی نفس قیمه و مکان محصله القوی على الخرسانه 
لا St re88‏ ا4ctuu‏ و ذلك عن طريق التكامل [a zo0.8 CJ]‏ 


س س سس ىد ب يه س ا س ي 
Behavior of Beams under Bending‏ ا اواو nin oi ese) i copyr‏ اپا س © 
Page 59‏ 


ed. a rl leê Chan‏ ا 


Stress & Strain Diagrams For Different Types of Failure. 


0 Under Reinforced Sections. 


0.003 1L 
1 N.A. 


R-F, 
Strain Equivalent 
Diagram Rectangular 


Stress Block 
@) Balanced Sections. 


ج ج جج هجض ج ج ج صضصضڪض ‏ ج ص جڪ صي 
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For Beams at Faliure. 


فی مرحله الانهيار لان شكل الاصلى لا 87088 عباره عن منحنی 


اذا معادلa Normal stress J|‏ لن تکون صحيحه 


و بالتالی کل حسابات القطاع ہ5 , ہم[ ,وآ ,و4 ,۸ لن تکون صحیحھ 
لذا فى مرحله الانهيار لن نستطيع الا استخدام معادلتين فقط . 
هم Equilibrium Equation.‏ 0 
>أفbظ Compatibility Equation.‏ )2( 


Calculations of Normal Forces. 


لحساب قيمه أى قوه تؤثر على القطاع سواء ضغط أو شد 


Force = Stress x» Area 


Compression on Concrete 


Ce = Stress x« Area = Fo + (dL x b( 
Tension 


ے 


2 
ی‎ 
T = Stress x Area = FKAg 
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@ Equilibrium Equation. ùاjتiلا معادله‎ 

فی ای قطاع لکی یکون متزن 

يجب أن يكون مجموع القوى الخارجيه تساوى مجموع القوى الداخليه 
و لان القوى المحوريه الخارجيه على الكمرات تساوى صفر External Normal Force = Zero‏ 
اذا سيكون مجموع القوى المحوريه الداخليه المؤثره على القطاع أیضا تساوی صفر 


." Compression Forces + Tension Forces = Zero 


° [Compression Forces = Tension Forces 


@ Without Compression steel. 


6 Cc 


Ce = Stress x« Area = Fa x (d+ Db) 


T' = Stress x Area = 2۴ A 


CO» Fs مجهولين‎ 
2 
٠ E3 Fy a b = ۸g A6 For all types of Sections 


Under * Balanced & Over 


جح ص ج جج صح ج ص ج ص ج ص ڪڪ جص يڪ 

© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Behavior of Beams under Bending 
Downloading or printing of these notes is allowed for personal use only. 

Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 62 


(D) With Compression steel. 


i ق‎ 


7 


-¬ھ- 


7 
4 


Cc = Stress « Area = 


Compression on Steel 
7 
2 


C5 = Stress x Area = 127 4+ Fs = Fy 


T' = Stress x Area = FAs 


° > Fea Db + Fy A: = ۸ A6 


Os» Fs مجهولین‎ 
For all types of Sections 


Under * Balanced & Over 


ج ج ج ج ج ج ج ج ج ج ج ص حح ج ڇ ي 
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@) Compatibility Equation. (aبlشتلا) معادله التوافق‎ 


0.003 


a 


E&s+0.003 €&s+0.003 


dd 0.003 ڃ€+‎ 


٠ 8 _ 1s 5 Fg For Balanced 
- Es ` 210° @& Over only 
.,. CC __ 0.003 __ 0 
d Fs 600 + F 


0.003+ 
2*10 


COL» Fs مجهولین‎ 
Balanced & Over only 


N 3 | » ® 
۵ 
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Calculation of Cb 


From Compatibility Equation. 


For Balanced section Fs= Fy 


For Over Reinforced section Fs< Fy 


“. For CÛ x {d 
600 Fe 


When we take Fs= Fy it will be For Balanced section 


“ JCu< Cb < Co 


„. When C < CD a» The section is Under 


When C = Cb —— yg The section is Balanced 


When C <> Cb) sg The section is Over 


ج ج حح حح حح ص جج صضصڪصڪ ‏ ج ص ڪڪ جص جي 
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1 


= ۳ 


(Mut) 8 


Calculation of Ultimate Moment. EEE 


هو عزم الإنميار . أى هو العزم الذى يصل فيه أياً من الحديد 


max stress or max strain. J| ن الخرسانه إلى‎ 


I 
ل‎ 


max. stress (Concrete) 


max. stress (Steel) = ۴, 


max. strain (Concrete) 


maz. strain (Steel) ج‎ 
Note | When Ca و چ‎ 


How to Determine M ult For a known Section. 


2 
u * a.x« Db 8 


Mau = M at point OD 
- M at point @ 


Mont at point O = e (d- &) 
> Foy ab (d- &) 


Mat at point @ = T (d- £) Fg+* Aç (d- &) 


But au, Fg ?? .„* We have to get «a» Fs») First. 


سد دب هسه ب س س ج ا 
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To Calculate Mutt 


DOD With Tension Steel only. EF 
ڪڪ‎ 3 C 
D cet cg d | r4 f 
600 + F a) ES 


d- 
@ Use equilibrium equation. Ce = T 2 


> cu * (a«b) = Ag+ g---F 


۶ 


Assume 1g ۸ Y > (under reinforced or Balanced Sec.) 


2 Fs (a»b) = A,» Hy, — Get d—— Get C= 1.25 QU 
(@ Check C 


x IF C < Cb —>ڃy‎ The Section is Under Reinforced or Balanced Sec. 
and the assumption is right Fg _ ۴ 


@ 2 Mrs f, b (d-%)- AF, (d-&) 


x IF C> Cj sy The Section is Over Reinforced Sec. 
and the assumption is wrong Fs م‎ Fy 


. To get the right value oF Cd, Fç 
O From equilibrium eqn. 
2 
gle, ub = Ag Fg ----- O d=*, f=? 
@ From compatibility eqn. 


600 
C=1.25 O = سسس ي‎ 2? 
so0+ EF ® a=?, FK-? 


From eqns. (MM , @ Get @, Fg 


@ ..|M,-2 E,ab(d-¢)-4,F; (d-¢) 
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na 


21n 


5p) gy =(5-p)q o" 


(5-p)*y -=(5-p)q 0" ¢ 


‘DD 139 @‘OD ‘suba wou 


sS fir _ 
e“ ‘=D @-—- pq E - pogr=o HJ U Bu sy uodunsso a pun 
oY <‘:=p ®-—- SySf= q0 1.01028 w01228 

Fb Oba AE WE pa0u010g pa01o0funa2¥ ap] 
firs ۹2g = 9 DG 
J FA BGuoun sy uodunssp 2Y4} PUD 

1.01025 
paoxofura 13^0 
40 <0 JI 59 > 0 JI 


_0 | 1 


0 92° =9 729 >—~ " 729 > yf = (q+) * ° ج‎ A = Sy 
(as paoumog 10 paouofuyas 1opun sy uoyoas ay1 ) f = S7 c— ^383 aunssD 


8 
Sy * 4 = (q*0) * 1 zg ‘uba unyqynba woud 


f 
۳ 
D + ل‎ 9 1a9 ( fıuo 12226 ‘Ua 414) 


2028-3 10 227 11 /o u0101n210) 


Example. 


Data. 
Hy = 25 N\mmî 650 
St. 360/520 0 
E 0 1600mm 
For the shown Cross—Section مىعا‎ 


1- Calculate Mult. 


2- Determine which type of Failure will occur 
For that section. 


Solution. 


© .م‎ 0 „Ad © 650 406.25 mm 
Db 600 +F, 600 + 360 


Ûê = Stress » Area = ج‎ Frys Qa.* Db 


T = Stress » Area = Fg* As 


@ From equilibrium eqn. 


2 Fe * a+b = F* Ag 
Assume F —_ F 


g = ly > (under reinforced or Balanced Sec.) 


mm‏ 138.24 = > ( 360( )1600( = )250( )) )25( ج 
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® .'. C =1.25 Ud =1.25 +138.24= 172.8 mm C 


.'. [The Section is Under Reinforced Sec. 


and the assumption is right 1 . F, 


fF 
٣ 1 


@ By taking the moment about the steel. 
Mn = Co * (d-¢) 5 Fea b (d-&) 


M (25) (138.24) (250) (650- 124 ( 


= 334586880 N..mm = 334.5 kN.m 


@ OR By taking the moment about concrete. 
Mn = [ « (d-¢%) F"y* ع‎ (d-¢%) 


=) 360*1600( (650 182.24 ) = 334586880 N.mm 


- 334.5 kN.m 
“Min = 334.5 kN.m 


جج ج ححح حح ص جج ج ص ج ص ج ص ڪڪ ڪيڪ 
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Example. 


Data. 
2 
I = 25 N\mm 650 
St. 360/520 700 
Req. 50 4500 mrî 
“0ى2‎ 


For the shown Cross—S'ection 
1- Calculate Mult. 
2- Determine which type of Failure will occur 


For that section. 


Solution. 


® C وم 2ے ا چ 00ے ے‎ 066 mm 


bi 600 +F, 600 + 360 
6 = Stress « Area = > Fes d»« D 


T = Stress » Area = Fs + As 


@ From equilibrium eqn. 
2 Fe * OL x b = 2 ok A 


Assume PF =۴ سے‎ ( under reinforced or Balanced Sec.) 


> (25) (@) (250) = (4500) (360) > = 388.8 mm 


ج ج ج ج جص ج ج صضصضڪ ‏ ج ص جڪ ص يڪ 
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@ .. C =1.25 QU =1.25 + 388.8 = 486.0 mm > C 


.. The Section is Over Reinforced Sec. 


and the assumption is wrong 1 <F 
To get the right value of @, F 


3 ou sS 
 & )25( (a) )250( = )4500( (چ)‎ 


Hç = 0.926 a ---@ d=?, F-? 
600 
C=1.25 0 = * d ---- و‎ 
600 + Fe ® a=? , 1=? 
From eqns. MD, @ Get as 
600 
1.26 = soo + 0.926  * °° 
.‘. [Gd = 340.77 Tor 
Fg = 0.926 (340.77) = 315.5 N\mm 
Fg = 315.5 N\mm | < F, 
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340.77 


@ By taking the moment about the steel. 
کت‎ 
أ‎ M u = Ce ٣ (d-4 `9 Feu U b (d-@) 

M = (25) (340.77) (250) (550 ) 

2 
= 680993348.1 N.mm = 680.99 kN.m 

@OR By taking the moment about concrete. 

M wı = [ « (d-%) ّ ۸۳g * ا‎ (d-@&) 


=( 315.544500) (650-7 ) = 680933396. N.m 
= 680.93 EN.m 


“Maun =680.93 kN.m 


الفرق فى قيمتى العزم ناتج فقط عن التقريب 


لكن كلا الا جابتين صحيح . 


حح ج صح حح ص ج ص ص ج ص ڪڪ صي 
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Approximate Calculation of (Muxıt) with Comp. Steel. 


عند حساب پر وکان هناك حدید جهه الضعط (٭ ۸) 


Stress » Area = O b(‏ کیا 


Cg = Stress » Area = E 


By taking the moment about the steel. 


M 


lt Feu O Db (d-& ) +Fy*Aş (d-d) 
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Data. ٤ 450 mnt 
F7 = 265 N mm 
Cu \ 700 
St. 360/520 
Reg. 1600 mrî 
For the shown Cross—Section | 250 ا‎ 


1- Calculate M ult. 


2- Determine which type of Failure will occur 
For that section. 


Solution. ٠ As ے‎ 450 _ 0.28 > 0.2 . Use A: 

A. 160‏ ڪڪ 

© cC, 600 _ „Jd 600 „ 650 406.25 mm 
Db 600 + Fy 600 + 360 


Ceo = Stress e Area = > Toys a+» b 8 
0 
Cg = Stress» Area = Fy* Aş LL 


T' - Stress » Area = Fg*As T 


@ From equilibrium eqn. Ca = T' 


> Feu * a» b + Fy* Ag = Fç* As 
Assume FF 


(under reinforced or Balanced Sec.)‏ ج 1ا = ي 


)1600( )360( = )450( )360( + )250( )@( )25( ج 


OC = 99.36 mm 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Behavior of Beams under Bending 
Downloading or printing of these notes is allowed for personal use onl 


۷. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 75 


O .'. COC =1.25 Ud = 124.2 mm < Cs 


.. Î The Section is Under Reinforced S'ec. 


and the assumption is right 1 0 


tt 


@ By taking the moment about the steel. 
Mr = Ce * (d-%) ۴ Cg * (d-d) 
Muu = 2 Fa b (d-¢) + Fy. Ag (d-@) 


Ms ع‎ (25) (99.36 (250) (50-296 ) + 360 * 450 )650-50( 


= 345732480 N..mm = 345.7 kN.m 


““IMuu=345.7 RN.m 
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Note. 


فی حاله وجود حدید جهه ال )A4٨(‏ 
فان الزیاده الحادثه فی قیمه ږا[ لن تکون کبیره 


Example Page ample Page 69 4 


Mm SS4.5 kN.m 


1600mm 


450 mm 


Man= 345.7 kN.m 


1600mm 


1 700 
و ڪا 
Example Page 75‏ 
1 700 
ووا 
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2n 


(aS --p)(q 0") + (E )ص-‎ (1"3 = WN 


S‘p 19 @‘D ‘suba woul 
S7 + 009 


s = Sr, ¢ ک7 ت ل کا‎ no no ۳ 
é C4 ğ= p0 @ p * 009 PQ 98°*“39 (a5 -*-p) (0(7) + +) -0( (G3 +) WA 
=7 “=p 0--- 7 ey = q»(*7-0)* "9 £ + 2۰*7" 2 5 2 l0 2n 
2z -87- O +8 -— J = 
SI “DO fo enqoa 46u 244 336 o (5 -*-p) 2 


uopdunsso Buon 90 < O AI uogdunsso 46u 0 > 0 YJI 


O0 | Ar 0 £87! =9 729 > S7 < 29 


(ag paounmg 1o pa010fuax 1apun sy u0038 2341 ) f = Sy aunssn 


Sp» SF = q*(2-0)* "3 $ + q+» £ 


J=%°)*°) ‘iba wunwqımınba wou 


‘Guoum sy uo1CdunssD 1S] 2U S7 <O JI 
8 


(5-p)*v =-(5-P) do "a 


qy aD suodunssp puoaas FP 28 24} 9>3 سه‎ s7 > 0 YJI 

o 9 8y ei = (f*0) F> <‏ س و 9۳/٥‏ | | ل 
-p (as paounmg 10 pa010fuya 1opun s uo03s U1) i] = S7 aunssn‏ 2 

Sy +» = (g*”) * n ‘wba ‘uunyuqvınba UOJ 

| o - ZZZZZZZ s8} > PD aunssy 


( fıuo 1322S “UaL U4 ) 


‘0928-J OJ 22 11 fo u0101n0107) 


Example. 
Data. ES 


2 
e = 25 N\nmi 


St. 360/520 500 


Reg. 
8 3800 mnê 


For the shown Cross—S'ection أ‎ 
250 
Calculate M ult. 


Solution. 
600 600 
O CO, «QÛ = # 650= 343.75 mm 
b 600 + F, 600 + 360 


@ Assume d <s 
QM < 100mm 


From equilibrium eqn. C.=T 


Fe + *B = Fg *As 


Assume Fg = Fy ج‎ (under reinforced or Balanced Sec.) 


> )25( )0) (600) = (360) (3800) > = 136.8 mm >t 


S 
>t, wrong assumption .’. Take @M>ts 
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2 ف 
From equilibrium eqr. Co,+Cos=T‏ 
2 2 
al, xB £ 0 +»(O-ts)*D Ag*K‏ 
Assume Fg = k> (under reinforced or Balanced Sec.)‏ 
)360( )3800( = )250( )100 -@()25( 5 + )600( )100( )25( & 


. C =1.26 U =1.25* 188.32 = 235.4 mm <C 5 Fo 


: aT Ce1 
. [The Section is Under Reinforced Sec. 


d th tion is right F 
an e assumption is Tig I ۴, 


My Ca ( = )# Cos ( مجه - وال‎ ) 


T 


(FE, »t.*B) (d- (+ (Fu «(a-g)* وجك -و٤-ل ) (ا‎ ( 


ult 
و -100-136 -650( )250( (100- 188.32( )25( 3 و )100 -650( )600( )100( )25( ت‎ 


649349120 N.mm = 649.34 kN.m 


“IM, 649.34 kN.m 


ج ج ج ص ص ج ص ص ڪڪ ج ڪڪ 
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2 


Example. س‎ 


Data 140 5890 mm 
2 

= 25 N\mm 1000 
St. 360/520 ا‎ 
Reg. 
For the shown Cross—Section و ا‎ 5 
Calculate M ult. 
Solution. 
OD C وکو چ 2ے ے کی 04ےے‎ 78 ee 

Db 6«6o00+F 600 + 360 

y 
5890 mrî 


1000 
950 


F libri ام یول‎ 
@ From equilibrium eqn. eT 
ج‎ o, * C+D = 1 +A 
Assume 1 =۴, — (under reinforced or Balanced Sec.) 
ج‎ (25) (@) (250) = (360) (5890) > CL = 508.9 mm 


'. € =1.25 d =1.25 4508.9 = 636.1 Mm > Cb 


.. The Section is Over Reinforced Sec. 


and the assumption is wrong F ا‎ 
To get the right value of ML, F4 
. 2 
. SH,ab =F As - £ (25) (a) (250)= (Fg) (5890) 


. F = 0.707 a4 ---@ d=?, =? 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Behavior of Beams under Bending 


Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 81 


600 
C-1.25 0 ل‎ «QÛ ___ 5 


From eqns. WD.@ Cet d,Fg 
600 
1.25 O = * 950 
600 + 0.707 CU 
2 


Fg = 0.707 (483.98) = 342.17 N/mri 


Fg= 342.17 N\mmê | < Fy 
5890 mm” 


1000 
950 


. Mars FE, a b(d-%) ا0ےل‎ 


ult 


M2 (25) (483.98)(250( (950- 8 ) = 1427761166 N.mm 
= 1427.76 RN.m 


Mı =1427.76 kN.m 
4 


O 
Mar Ass (d- 


M „= (6890) (342.17) (950-498 )= 1426910114 N.mm 
1426.91 kN.m 


|My = 1426.91 kN.m 


الفرق فى قيمتى العزم ناتج فقط عن التقريب 
لكن كلا الاجابتين صحيح . 
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Example. le. 


۲ 
0ع ا‎ EE لمم ھلم و یلمم ھا ا200‎ 
Data. Fo = 25 N\imnî st. 360/520 
7 For the shown Cross—Section Calculate Factor of Safty 


© ,م‎ 600 „Jd _ 600 چ‎ 650 = 406.25 mm 
@ Assume «da <s 
CU < 120 mm 71 
4 
2 
@ From equilibrium eqn. C.=T EER 
2R, «a»B = Ag*E, 
Assume FE 


gs = Fy—> (under reinforced or Balanced Sec.) 
> (25) (a) (1200) = (3041) (360) > =54.74 mm tg 


.. 0.K. 
. C =1.26 QU = 1.26 + 64.74 = 68.42 mm < Cb 


.". [The Section is Under Reinforced Sec.] und the assumption is right Fg = ۴ 
ul 


3 a B (d-%) 
M = 


ıı = (25) (54.74) )1200( (650 - 3474( = 681655324 N.mm = 681.65 EN.m 


ult 7 681.65 kN.m 
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Calculate Mu 
FHy= 25 N\mm ys Fog = 9.5 Nim 
Fy = 360 N\mmî yy Fg = 200 N\mnî 


S'nu. (above) =120«1200» (60) = 8640000 mm 
S'nu. (under) =15 » 3041» (580-50)= 24175950 mnî Î 


° Snw.(under) > S'nu. (above) . Z >120mm ات‎ 


S 5ے‎ 
D Get 7 by taking 


(1200) (120)( Z¬ 60) + (400) (Z- 120) 120 ( = )15( )3041( )650-7( 


1200 
Z = 195.86mm ٣پ‎ E | 


ص 120 ا 
1135.86 
ا RR QQ‏ 75.86 
454.14 
| 3041 | 
| .| 
400ےا 


@ ا‎ I) 


3 
+ (1200) ( 120) (135. 86j 4+ lT 


+ (15) (3041) (454.14 = 12296731390 mr 
@ Muwo = Fos ________ not as T- Sec. 
A 


N.mm = 596.44 kKN.m‏ 596441071.1 — 0 ث 


d-zZ 650 - 195.86 


© | Mw =361.02 kN.m 


F 
@ Mus = GE) * Tw _ E) + 12296731390 _ 381026166 Nm 


=361.02 kN.m 


Factor of Safty = Mut _N 5 65 


= 1.89 
Mr ` 361.02 
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Example. 


Data. I — 25 N\mmnî 


650 
St. 360/520 
Sb 
Reg. 9 
Calculate Ash ( As balanced ) ا ا‎ 
250 


To make the sec. is balanced S'ec. 


and then get Mb ( Mut For balanced )( 


Solution. 
For Balanced Sec. C=C ,و‎ = OLp = 0.8 ° و‎ Fs-F, 


® __ 600 _ پ‎ dd 6° 0ئ6‎ - 406.256 mM 


D 600+ F, `` 600 + 360 


® «a= d;=0.8 Cy = 0.8 »« 406.25 = 325 mm 
@ From equilibrium eqn. Cr, =T 
e ¥ (A p* b( = ر۴ *و4‎ 
)25( )325 ()250( = 4g م‎ )360( Asb = 3761.5 mrî 
. Mo ک‎ FH, Ao b (d ) = )25( )825()250( )650- ع‎ ( 
My = 660156250 N.mm = 660.15 kN.m 
da 
325 
M, = 3761.5 (360 ( )650- ك‎ ( 


My = 660156250 N.mm= 660.15 kN.m 


. Mg = 660.15 kN.m 


ج ج ج جص ج ص ص ج ڪڪ 
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لمر وے ام امم ا a E e‏ لوا 


SE JF Nome St. 360/520 


7 Calculate Asp To make the sec. is balanced Sec. 
and then get Mb 


Solution. 
For Balanced Sec. C=C; ,و‎ = OL, =0.8 Cb Fs-, 
® ي„ 00 .م‎ d ı67 „ 650 = 406.25 mm 
b 600 EF 600 + 360 
y 
@ QU= dg =0.8 Cg = 0.8 « 406.25 = 325 mm > tg 
2 
3 CU 
e 
1 
C 325 
c2 60 ل‎ 0 


ل00 ھا 
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e 


(@ From equilibrium eqn. COs TT 
e ا‎ +B + > Fy + (D-ls) 0 12y + Asb 


> (25) (120) (1200) + )25( )325 - 120( )400( = )360( Asb 


“| Asb = 10463 mnî 


@ M = - < ky ڃا‎ B (d- fs), ZE 4 (Co- s( b (d- (و - و‎ 


ult 


Mau = £ )25( )120( )1200( (650-1520) + > 4 (25) (825 - 120) (400) (650-1 20-324 - _-0 


= 2000250000 N..mm = 2000.25 kN.m 


Mo = Mans 2000.25 kN.m 


© 
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Example. 


0 Explain the type of Failure of each beam. 


@ IF the cross-sec. of each beam is (300» 700), Fined the expected 
range of area of steel reinforcement For each beam. 


2 
FH = 25 N\mm Sst. 360/250 


0 Under Reinforced Sec. Over Reinforced Sec. 
(Tension Failure ) (Compression Failure) 
7 300¬ 
2 گرم‎ „U 
600 + ۳ 
600 
٭ _— ~ے‎ 650 = 406.25 Mmm 650 700 
600 + 360 


= Mp = 0.8 ° = 0.8 « 406.25 = 325 mm 

From equilibrium eqn. Cı. =T 

2 

2 ha * O *b = 4 +۸ 

For balanced Sec. QM = Mp = 325mm ;, Fg = Fy و‎ Ag = Asb 
2 
Fou * Co *b = 4sb* Fy 


. For Under Reinforced Sec. A6 < 4513.8 mrî 


'. For Over Reinforced Sec. As < 413.8 mr 


ج جح صح ص جج ج ص ج ص جڪ جص يڪ 
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(Mu.z.) 


Introduction of Ultimate Limit Moment 
Ultimate Limits Design Method هقيرطÜب هو العزم الذى تم عليه تصميم القطاع‎ 


Factor Of Safety pıق و للتصميم بهذه الطريقه يجب الاخذ فى الاعتبار‎ 
Factors Of Safety For Limit State Design Method. 


x 7". 0.S. For Loads. 


F.0.S. For Dead Load. = 1.4 To 

0 increase 
F.0.S. For Live Load — 1.6 the Load. 
F.0.S. For Dead Load. = (0.9 ی‎ 
F.O0.S.. For Live Load — 2CTO the Load. 


Load (To Increase) = 1.4 D.L. 4 1.6 L.L. 


1.5 ( D.L.+L.L.) IF L.L.> 0.75 D.L. 
Load (To Decrease) = 0.9 D.L. + 0.0 L.L. 


x F'.0.S. For Materials. 


Case of bending moment only (M ) or Tension only (T7) 
or Axial tension & bending moment (M+ T( 
or Shear (Q ) only or Torsion only (M,) or Shear & Torsion (Q +M+) 


o=1.5 , &s=1.15 


.'. Allowable stress For concrete. = (kz) 
ce 


Allowable stress For steel. = e) 
8 


سح ج ج حح ح ص جج ج ص ص ج ص جڪ يڪ 
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Strain 


8 


Stress 


Compression 


Idealized Stress—Strain Curve For Steel. 
. المنحنى الاعتبارى للاجهاد و الانفعال للحديد‎ 


Stress (N\mm?) 


0.003 


Idealized Stress—Strain Curve For Concrete. 
المنحنى الاعتبارى للاجهاد و الانفعال للخرسانه‎ 


ج ج ج ج ج ج جص ج ج ججج ج ص ص ڪڪ ڪڪ جڪ ڪڪ ججج و 
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Under Reinforced sec. ع|lطقlاl يكون‎ ey 


Properties of Under Reinforced Section. 


4 600 
600 + (F\ös) 


For under Reinforced section C ک‎ Cb 


ODC<C a, Where: Ce = 5 


600 + TS 


IFC > Cmaz over reinforced sec. pعlطقll نعتبر کان‎ 


لاا 


<a 
600 
“| = 08 (2) ا‎ ET 4 


IF O > dL „> Over reinforced sec. pعlطقلl نمتبر کأن‎ 
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3 QM z2 Olin 


عند التصمیم یجب عمل c۸٥)‏ على 01 بحيث ل تکون أقل من ,ا0 


جدول )١-٤(‏ معامل الحد الأفصى لمقاومة العزوم و8 ونسبة صلب التسليح القصوى بول 
ونسبة العمق الأقصى لمحور الخمول إلى العمق الفعال /d‏ روم للقطاعات المسلحة جهة الشد فقط 


240/350 8.56x10 ” fa 
280/450 7.00x10 ^ f a 
360/520 5.00x10 “* fe 
400/600 4.31x10 ^ fa 
` 450/520** 3.65x10 ^ fe 


* طبقاً للجدول (۱-۲۷) وحیٹ ہے؟ بوحدات ن /مم" . 
** خاصة لصلب الشبك مع أستيفاء ما جاء بالبند ( س ۰ 


ج حح حح ص جج ج ج ص ج ص جڪ جج ي 
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No. 93 


Behavior of Beams under Bending 
Page 


(www.yasserelleathy.com ) 
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(pop) È "y= Tagg <. 


(5P) R7 W= Tap 


1 


۹ 


r” fr uo4Tunssy 6uold 


fj7 u uodunssy 346 Pl'0 =0 34m 


< DO JI “D> D> P10 Pl!0o> o JI 


ZI 


8 
و وو = ر 8 سه 09 


۳ ق 
8 
(oa pa0lo0fuyax xap] ) Ru” aUNnssD‏ 
sS Sr _ 4 8‏ 
V * AH = q*» * na, > wba ‘unuqtinba wold‏ 


(fruo 1222S “aL UPA) 


pء‎ ] 2 9 | (£)80= 9۵ (ٍ 8'0 = ر‎ 220107 Tn yy fo uo01n2103 


Data 
FH = 25 N\mmî 700 
650 
St. 360/520 ١ 
= Calculate M U.L. مد ا‎ 
2 


Anin = 0.1 d — 0.1» 650 = 65 mm 


600 
2 ڪڪ د‎ 
rna: = 0.8 (2) [| “g00, EX ]*d = 0.35 d=0.35»650-227.5 mm 


ba = Stress » Area = > Pou * Cd 


e 


T' = Stress » Area = Fg + As 


From equilibrium eqn. > 


assume Fg =F ( Under reinforced Sec.) 
sS 


2 Fou a«b = سے‎ 
3 ا‎ Ss 


£ (E) (o) (eso)= (1206) (Ff) — 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Behavior of Beams under Bending 
Downloading or printing of these notes is allowed for personal use only. 


y 
Commercial use of these notes is not allowed. ( www.yasserelleathy.com ) Page No. 94 


.0.1d < d < OM. Right assumption F« 2 


۹ 
ر ۲ 8 
٣آ‏ 


By taking the moment about the steel. 
M.. -2 e a b(d-@%) 


U.L. 3 
2 2) (135.91) (250) (650- 135.91) 
= 219738155.4N.mm = 219.73 kN.m 


OR take the moment about the concrete. 
F 

Mu. =A, (d-¢) 
5s 


360 
Mu.. = 1206 (36°) (650 - 135.91) 


= 219739701.9 N.mm = 219.74 kN.m 


My,= 219.73 kN.m 


الفرق فى قيمتى العزم ناتج فقط عن التقريب 


لکن كلا الاجابتين صحيح . 


ج ج حح حح ج ج جج ص ص ج ص جڪ ص يڪ 
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Example. 


650 
St. 360/520 ١ 
12 $16 
Calculate M U.L. 


Solution. 


2 
As= 12416 = 12[ FSIS ] = 2412 mrî 


Anin = 0.1 Û = 0.1 « 650 = 65 mm 


0 


60 
2 ا‎ 5 
nas = 0.8 (2) [| oor EXE) ]*d = 0.35 d=0.35«650=227.5 mm 


Feu 


Co = Stress w Area = & e x C*D 
| 


T = Stress «» Area = و‎ + As 


From equilibrium eqn. > Fou | Qd«D = F*A 
c 


assume Fı ۳ ( Under reinforced Sec.) 


8S 


. 2 Fou, .b A 
3 و‎ 3 


2 25 
£ (E) (o) eso= (4) (2412) n Bazre 


ج ج ج ججج ي ضضض ڪڪ > ج ڪڪ ڪڪ يڪ 
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2®.) (227.5 ) (250) (650- 227.6 ( 


338880208.3N..mm = 338.88 kN.m 


M.,,=338.88 kN.m 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 


: ا‎ Behavior of Beams under Bending 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) Page No. 97 


Approximate Calculation of (Mu.1.) with Comp. Steel. 


عند حساب , ا وكان هناك حديد جهه الضعط (+۸4) 
نعمل حل تقريبى للتسهيل بأن نعتبر Fa.‏ 
S‏ 


C = Stress «» Area = 3 


C= Stress » Area = Fy +» A 


8 (ob) 


By taking the moment about the steel. 


M,u= § ab (d-&%) + -A4, (td) 
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Example. 


Data. e 
2 
ل‎ 25 Nimmٌ” st. 360/520 ”00 
Req 
Calculate M U.L. ٤ 1600 mm 
1-260 ا‎ 


Solution. .. Ag _ 450 _ 0.28 < 2 “ Use A; 


Anin = 0.1 Û = 0.1 + 650 = 65 mm 


600 
= 0. 8)( Terres TITS ]* d - 0.35 d=0.35«650=227.5 mm 
ba = Stress « Area = 2 Fou x COC» bD 
3 oe 


bo Stress « Area = F4 4 Ag 
8S 


T" = Stress « Area = Fڃ‎ * As 


From equilibrium eqn. > e as b+ «Ag = Fg *As 
8 
e 


assume Fg = Fu (Under reinforced Sec.) 
8 


e ab + «As ۹ +A4g 
2 25 360 360 
> (Fg) (@) (250) + (rg) (450)= (1g) (1600) 
CL= 129.6 mm 
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.0.1d< ad < O, Right assumption Fg 
: 8 


٠ 


129.6 


650-50 


By taking the moment about the steel. 
M =$ le a b(d-$) + و4‎ (d-d( 


Ul. 3 e 


(50 -650( )450( ( 360( + ) س (250( )129.6( )2( و M‏ 


Mor = 295193739 N.mm = 295.19 kN.m 


Mour.=295. 19 kKN.m 


ج ج ج ج ج ج ج ج ج ج ص ج ج ج ج ص حح ڪڇ ي 
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Example. 


Data. | _-^-0 
Fy = 25 N\mm 120 
St. 360/520 900 
780 
E Culoulate MH U.L. 2 2400m 


ES 


Solution. 


Anin = 0.1 Û = 0.1 « 850 = 85 mm 


600 
= 0.8 ($) | eo + (rg) J" C= 0.35 d=0.35»850-297.5 mm 


assume dd <s @<120 mm 


From equilibrium eqn. eu, a«»B = Fg +4 Fg 


Cc 
assume Fg - (Under reinforced Sec.) 
وگ‎ 
. 2 Feu _ 7 A4 2 Ru 
- 2 5 sS |3 3e 


(F64) (2400)‏ = )1000( )@()7( ج 


—> (L=67.6 mm <ts -.0.K. 1 


o < 0.1 d .. take QU = 0.1d = 85 mm 


گگ - 850) 2400( ) = (£-2)و 4 Ma.=‏ 


= 606678260.9 N.mm = 606.67 kN.m 
M,,= 606.67 kN.m 
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Example. 


|-—-00 
Data 1 2 

F = 25 N\mmî e 

Sl. 360/520 500 

3800 mm 
Red: Calculate M U.L. 5t | 
250 

Solution. 


Anin = 0.1 Û = 0.1 « 550 = 55 mm 
6000 
mas = 0.8 ($) | aooo+ (Fp. ]* O = 0.35 d=0.35 550 - 192.5 mm 


assume U (<s d< 100 mm 


From equilibrium eqrw Co=T 


F 
> au«B = F*Ag و @ س‎ 


Cc 


Assume = : — (under reinforced Sec.) 
8S 


> (2 5) (a) (600) = (380-) (3800) > = 178.4 mm > tg 
a > wrong assumption .'. Take @ >t 
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8 00 E 
ا سپ -450| 500 ا‎ 
3800mm 


50ع ل 
edn. Cor+Cea=T‏ ف From‏ 


+B +4 lw «(o-ts)*b = F* A6‏ ا 


E 
Assume Fg 5 — (under reinforced Sec.) 


& (25) (100) (600) + & (£) (@- 100) (250) = (560-) (3800) 


—, = 28.24 mM 
. L> MU, ,„ > Take dQ = UL ,, =192.5 mm 


- ل 
100 
| 100 م Kh‏ 500 | 600 


1 *ts*B) )- e (+) 5 (ae وال ) (ا*(و-‎ - e ( 


M 7 $ (F$)(100)(600) (650-190) + & (F%) (92.5-100) (250) (50-100- 5100 
M, , = 437074652.8 N.mm = 437.07 kN.m 


< 
کے 
| 
چ ° 


. |My,= 437.07 kN.m 
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Example. 


For the section it is required to calculate : 


@“- The Cracking Moment. (Mor.) 
Db- The Working Moment. (My) 


804 mrî 
C-The Failure Moment. (M. ult) 
d- The Ultimate Limit Moment. (Mu.1.) 
e-The Factor Of Safety For Loads. 700 
J -The Factor Of Safety For Material. 
Jg- The Global Factor Of Safety. 2036 mnî 


Data : EF =25 kN\mî s st. 360/520 250- 


5 
O n= E __ 2*10 _ 909و‎ > 71-0 
Ec 4400 Nl 25 650 


2 A= b»t+("-1)Ag +(^-1)Ag 


A) = 250» 700 + (10-1) (2036) + (10-1) (804) = 200560 mrt <0 


\ 
Tension Side’, 


@ YJ, = 250» 700» 350+ (10-1) (2036) (50) + (10-1) (804) (650) 83.4 mm 
٤ 200560 


3 2 2 
@ ] = 250+700 »260ر‎ 700 )350- 333.4) + )10-1()2036( ) 338.4-50 ( 
gross 2 
+ (10-1) (804) (650-383.4) — 9391063167 mn 


® Fer = 0.6 Fu, =0.6( 25 = 3.0 N\mm 


F 
© M,, = etr* lg _ 3.0» 9391068167 _ 84502668 mm.N 


07 e = 84.5 kN.m 


Mer = 84.5 kN.m 


جج ج ج جص ححح ص ج ج صضصضڪص ‏ ج ص جص جج ي 
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b- س‎ 


۳ 
Allowable stresses ll rr 


E1 N\mmî کے‎ Fe = 9.5 N\mmî 


Fy = 360 N\mmî > Fg = 200N\ mmr? 6560-z 


OD Take n-=15 


@ cet Z by taking 


TU. = S TU. 
above (N.A) under(N.A4A) 


b (Z7) (F)+(n-1) Ag (2-A) =n Ag (d- 2) 


250(2) (4) + (14)(804) (7-50) = (15) (2036) (650-7) 


Z7= 270.1 mm 


2 
@ Get py = DZ +(n- Ag (7-y +n Ag (d-2) 


3 
Inu = E + )14( (804) (270.1-50, + )15( )2036( (650 - 270.1 


= 6595014217 mrî 


@ Mowe = Fo + Inu _ 9.5% 6595014217 _ 231960885 N.mm 
Z 270.1 
= 231.9 KN.mm 

F 
s) »[ 200 

O) Muws = (Ê) +m 8 (200) 6595014217? _ 231464919 N.mm 
d-Z E = 231.46 kN.m 

© |My = 231.46 kN.m 

a er E E r he eta Behavior of Beams under Bending 
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C- Mult. 


ملحوظه : للتسهيل نأخذ ال 58٤٣ء‏ على حدید الضغط یساوی ر" 


2 
d= 650 mm SB 
\ Cc 
d = 50 mm [ 
650-=— 
T 
600 600 
0 C= eoo+F, ak d > “800 + 360 %* 650 = 406.25 mm 


@ From equilibrium eqn. Co+Cg=T 
> La, * (a*b) + Fy * A; =F * چ4‎ 


Assume 1 =۴, — (under reinforced or Balanced Sec.) 


(25) (@) (250) + (360) (804) = (360) (2036) 


> L=106.4 mmج‎ C =1.25 = 1.258 106.4 = 133.0 mm < Cb 


.“. [The Section is Under Reinforced Sec. 


and the assumption is right Fg =F, 


. M = FR, a b (d-%)+E, A,(d-d@) 


lt ou 
=2 (25) (106.4) (250) (650 - 106.4) + (360) (804) (650-50) 


= 438245333 N.mm = 438.2 kN.m 


Mutt = 438.2 kN.m 


ج ج ححح ح ‏ ص جج ج ج ص ج ص حص جص ج يڪ ج 
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MM, 


Anin = 0.1 = 0.1 « 650 = 65 mm 


naz = 0.8 (2) [ ]*d-0.85d -0.35«650=227.5 mm 


From equilibrium eqn. ك‎ 


> 2 Fu „ (ab) + «Ag = F* Ag 


Assume 1 = - — (under reinforced ) 


> (25) (a )(250) + (360) (804) = (360) (2036) 


Right assumption Fs 2 


2 سا‎ ab (d-$)+ F4 A, (d-d@) 


U.L. 3 


e 138.8) 4 (360) (804) (650-50)‏ ا 


= $74865729 N.mm = 374.8 kN.m 


Mu.l. = 374.8 kN.m 


ج ج ج ححح حح ص جج ج ج ص ج ص جڪ ج ي و 
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€e-The Factor Of Safety For Loads. 


وم4 3748 _ )ع _ 
Mr 231.46‏ 


F-The Factor Of Safety For Material. 


M _ 482 


Cı 1. 17‏ کے 
Mu.L. 374.8‏ 


g-The Global Factor Of Safety. 


وو _ 438.2 _ ( 


Mw 231.46 


جج ج ج جج ج ج ج ص ج ج ج ص حح ج ي 
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Examples & Ideas on Behavior of Beams. 


يوجد طريقتان لتصميم الكمرات 
Working Stress Design Method.‏ -1 
Ultimate Limits Design Method.‏ -< 


و ققرنف: ال Mwen‏ هو العزم الذى صمم عليه القطاع بطريقه 
Working Stress Design Method.‏ 
او هو العزم الذى لو أثر على القطاع سيجعل القطاع رهه اسز فى طريقه 
Working Stress Design Method.‏ 


و تعريف ال ري .ر .ن/ هو العزم الذى صمم عليه القطاع بطريقه 
Ultimate Limits Design Method.‏ 
او هو العزم الذى لو أثر على القطاع سيجعل القطاع ٠‏ رهه اسز فى طريقه 
Ultimate Limits Design Method.‏ 


انواع الاحمال التى من الممكن ان تۇثر Types of Actual moments. glطÙقll yJ‏ 


و هى الاحمال العاديه المؤثره على الكمره Working Loads.‏ -1 
Ultimate Limit Loads.‏ -< 
و هى الاحمال المؤثره على الکمره لکن بعد ضرب قيمتها فآ” Factor of Safty For Loads‏ 
WU working WUu.L.= U working * 1.5‏ 


prt اللللللم‎ 
E E 


Mwact Mer 
.L. act 
حح ج ج صح جج ج ج صح ج صضصضڪ  ج ص جڪ صي‎ 
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Factor of Safty. F.0.S.. 


For a given section 


Mu. 
1 - The Factor Of Safety For Loads — x 
Mw 


Mult 
2- The Factor Of Safety For Material = [| 
M U.L. 


3 — The Global Factor Of Safety. 


= F.0.5. Loads * F.0.5. Material 
- (E) + * 2 ( ب‎ 


1 - In Case that Msi is given KL 


F.0.S. = Mut Mwact 


Wact 


2- In Case that Myo; is not given 


Mult 


e Mwai 


F.0.S. = 
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IF asked to get the value of unknown in working case 


or allowable case 8® ۾‎ M Ww 


IF asked to get the value of unknown in Design 


E M u) IF asked by using Working Stress Design Method. 


se, M [[. IF asked by using Ultimate Limits Design Method. 


For water structures allowable moment is Cracking moment 
اول‎ sهf‎ e فى المنشأت المعرضه مباشره الى الماء يكون القطاع‎ 

Check Safty. 
. عندما یتم طلب تحدید اذا کان القطاع المعطى feه؟ أم لا‎ 


1 Check Safty with Working Method. 


au-—-IF Mwaect < Mwa > Safe Wuworking kN\ne 


e 


۹ rS 
Mowat Mwact 


2- Check Safty with Ultimate Limit Method. 
Wu.L.=1.5* Wuworking 


ا 


M U.L. all M U.L. act 


حح ج ححح ص ج ج ص ج ج ص ج ص جڪ صي 
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b -IF Mwact> Mwau > Unsafe 


a-IF Mu.l.act 5 Mu.L.au —> Safe 


b -IF Mu.ı.act > Mu.L.au > Unsafe 


Check Stresses. 
. عندما یتم طلب تحدید اذا كان القطاع المعطى feه؟ أم لا‎ 
Actual Stresses with Allawable Stresses J| aنراقم عن طريق‎ 
working method J| فى هذه الحاله يتم المقارنه بطريقه‎ 


For R-Sections. TT U EM 


Actual Stress on Concrete 


Fs 47 Maat $ (d-7( 


Actual Stress on Steel 


Inu 


Allowable Stress on Concrete > Fe From Tables 


Allowable Stress on Steel From Tables 


IF Values of Actual Stresses on both concrete and steel are less than 


allowable stresses then the beam will be Safe. 


IF the value of any of the Actual Stresses is more than the value 
of allowable stress then the beam will be Unsafe. 
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For T—S'ec. or L—S'ec. 


Mwact 


OOOO, 
27 4, 


10 


Actual Stress on Concrete 


F2 7 Minas * (d-7( 


Actual Stress on Steel 


Inu 


Allowable Stress on Concrete Fe From Tables 


۱ 


\ 


For T—-S'ec. & L—Sec. 


Allowable Stress on Steel +» 1 From Tables 


IF Values of Actual Stresses on both concrete and steel are less than 
allowable stresses then the beam will be Safe. 


IF the value of any of the Actual Stresses is more than the value 
of allowable stress then the beam will be Unsafe. 
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Example. 


For the reinforced concrete cross-section shown in the Figure 
It is required to calculate : 
1 - Calculate the cracking moment (Mer.) , the working moment (Mw) 
, the ultimate limit moment (M U. L.) & the ultimate moment (M. lt.) 
2 - Calculate the Factors of safety For Loads, Materials & Clobal Factor of safety. 


Data : Fa = 45 N\mmî 
و‎ St. 400/600 


All dimensions in mmr. 


ج ج جج جج ج جج ج حح ج ج ج ج ص حح ج ڇ ي 
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Es _ 2*10 


710 ج 9.1 ے ١۶س‏ 
Ece 440025 | 1000‏ 


@ An= Ae + (m- 1)Ag 


ODn= 


A ر‎ = 600+200 + 300» 500 +1000 * 200 +500 550 +1000 * 150 + )10-1( )8838( 
= 974542 mmr 


(10-1)(8838)(70( + (1525) 150 »1000+ )1175( 550+ 500+ (800) 200 1000+ (450) 300600 + (100) 200ء600 — )0 @ 
974542 ا 
mm‏ 817.76 = 


حح جح ص جج جح حح ضضض ج ص ڪڪ جص ي 
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817.76 i ١ #0 


i 


E چ‎ 


MSS 
1414110021221 0 


+ )367.76( 500 »800 500 7 0ق + )717.76( 200 »600 200 = ,1 ® 


41000» 200 (17. 76 ٩ 00 4+500 * 550 (357.24 1000 4 1000*150 (707.24 


2 
+ (10-1) (8838) (747.76) = 248176325100 mr 


® ie 0.6 VF =0.6(/ 25 = 3.0 N\mm 


0 
© My= lg _ 3.0 « 248176325100 _ 910449246. 8 Nm 
A1 817.76 
Yt = 910.45 kN.m. 
Mor—= 910.45 kN.m 
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b- The Working Moment. (My) 


Fy= 25 N\imm > Fe = 9.50 N\mrî 


Fy = 400 N\imnî —z> Fs = 220 N\mnî 


To know if Z bigger or smaller than 150mm 
assume First that Z =150 mm 


S'nw. (under) = 1000*150» (75) = 11250000 mm 
S'nv. (above) =15 «8838» (1380) = 182946600 mnî 
. Snv.(above) > S'nv. (under) «“ Z >150mm 


150 ۲ 75 
| ن0م ا 


To know if Z bigger or smaller than 700mm 
assume First that Z =700 mm 
Sn. (under) = 1000*150» (625) + 500+550» (275) 

= 169375000 mnî 


S'nv. (above) =15 » 8838» (830) = 110088100 mrî 
. Snv. (above) < Snv. (under) «. Z <700 mm 


“ 150mm< ZZ <700 mm 


0 Take n=15 


|S 5ے‎ 
@ Get ۸ by taking e (N.A) der (N.4) 


(1000) (150) (Z- 75 )+ (500) (Z- 150) ( -160( 


= )15( )8838( )1530-7( 


Z¬-150 
7-75 ئ“‎ 
Z = 587.94mm ا‎ 2 
ج ج حجج ح  ض ج ج ضضض ج ص جڪ جص يڪ‎ 
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942.06 


أ 
e rs‏ 


150 


3 
500 )437.94( 
3 


+ (15) (8838) (942.06) = 171399055700 mrî 


3 Inu = E (1000) (150) (512.94 § + 


Mae = Fe xme SEIS not as T- Sec. 
(@ Muwc 

Z 

_ 9.5 +171399055700 _ 276948501 N.mm 
587.94 
= 2769.48 kKN.m 

F 

ss) „] 220 
@ Mws سے‎ 7) RO, = 2668463597 N.mm 

d—Z7Z 1530 - 587.94 = 2668.46 kN.m 


© |Mw = 2668.46 RN.m 
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C-The Failure Moment. (M. lt) 


600 
®0 0ق ,م‎ Ûd کک‎ 60 1m 
b eoo+#E, 600 + 400 
@ Assume «a < 150 mm 
7 ا 8838 أ‎ 
_ 1380 
1530-4 
ur 150 
2F Ce الس 1000 ا‎ 
3 CU 


@ From equilibrium eqn. Co. =T 
2 ت‎ 
E + u» B= As*F 
Assume Fg = Hk, — (under reinforced or Balanced Sec.) 


(25) (@) (1000) = (8838) (400 ) 


. L=212.1 mm> 150 mm .. wrong assumption 


u> 150 mm 


جج ج ج صح حح ص جج ج صح صضڪض ج ص ڪڪ يڪ 
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@ From equilibrium eqn. C.-T 
2 2 
5-H, * (1000*150) + FH, »[500 (a-150)] = Ag* K 
Assume Iş =F, a (under reinforced or Balanced Sec.) 
۳ > (25) (1000*150) غ‎ > (25)» [500 (-150) ] = 8838 x 400 


. U=274.2mm> 150 mm .. right assumption. 


. OC =1.25 d= 1.25» 274.2 = 342.75 mm < Cp 


‘. [The Section is Under Reinforced Sec. 


and the assumption is right Fg f, 


T 
8838 
1450 


1517.9 


Me” $ (25) (1000) (150) (1455) + ٤ )25( (500) (124.2) (1317.9( 
= 5001526500 N.mm 


“. | Mau= 5001.5 kN.m 
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d- The Ultimate Limit Moment. (Mu.1.) 
Min = 0.1 d = 0.1 + 1530 = 153.0 mm 
maz = 0.8 (2) [ TT ]*d = 0.337 d=0.337 «1530 =615.61 mm 
assume (OL < 150 mm 


T 
8838 ا‎ 
1530 0 
CC Ce 150 
2 Fou س1000 ہا‎ 
3 
ا‎ 2 Feu 
From equilibrium eqn. E 5 » +B = Aç Fg hs, au, Fg 
Fs = ر1‎ (Under reinforced Sec.) 2 Feu a» B = A+ Fy 
Ss 4ة‎ 3 S و5‎ 
400 
(4 2 )(@) (1000) = (8838) (E 
—> ML=276.6 mm > ts .. wrong assumption 
U> 150 mm 
8838 
T 
1455 
)d-150( 
1380 2 
Coz j 
٣ 
C 
2 Foy 
3 ce 
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From equilibrium eqn. C= T 
2 Fev „ (1000*150) + & Feu » [500 (a-150] = Ag*F, 


Assume Fg — ٤ — (under reinforced Sec.) 
8S 


.. & (2€) (1000*150) + (2£) «|500 (a -150)[ = 8838 » (0 


. M=403.33 mm> 150 mm .. right assumption. 


. Lys U<OMra, .. right assumption FR 


8 


T7 
8838 


1455 


1203.00 


8 18 


E 160 


لس 1000ا Fou‏ 
5 


|» 


٣ Mr = £5) (1000) (150) (1455 ) + 2 (500( (253.33) (1253.33( 
= 4188922716 N.mm 


M,,= 4188.92 kN.m 


ج ح ‏ صضج ج ج ج ص ضضض ج ص جڪ جص يڪ 
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- The Factor Of Safety For Loads. 


_/ Mul\N) _ 4188.92 
Mw 


` =7 
2668.46 


- The Factor Of Safety For Material. 


( _| 5 


1.193 = کے 
Mu.L. 4188.92‏ 


- The Global Factor Of Safety. 


2) _ 5001.5 
Mw 2668.46 


جج ج جج ج ج ج ج ص ج ج جج ج صصص حص ج ي 
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Example. 


For the reinforced concrete girder’s cross-section shown in the Figure 
It is required to: 


1 - Calculate the cracking moment (Mor.) , the working moment (Mw) 
, the ultimate limit moment (Mu.1L.) & the ultimate moment (Mut) 
2- Calculate the Factors of safety For Loads, Materials & Global Factor of safety. 


Data : 
FHu= 30 N\mmî 


St. 400/600‏ و 


a- The Cracking Moment. (Mor.) 


5 
ODn= Es ___ 2+10 _ 8.30-> =0 
Ec 4400 (30 


® Au= A +(n-0A4g 


A ر‎ = 1501550 +250 * 750 + 2 (0.5 » 150 *450( 
+ 300» 450 + (10-1) (7363) = 688767 mm’ 


(50) (10-1()7363) + (150) 300450 + (1000) )160450 » 0.5( 2 + (675) 2504750 + (1125) 15504150 — ,ا ® 


688767 
= 695.7 mm 
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2 
+ 2» (0.5 450» 150( ) 304.3( 


2 
450*300 )545.7( 


4 
ALAYA 


Vt=695. 
0 ۳ 7363 ا‎ 


3 2 3 
[  1550*0 450+150 
ت‎ ۳ 1550*150) 429.3 ( + 
@ 9g +1550 *150 ) ) + 2+ 


3 3 
4 0 4 250750 )20.7( + 4 0 ۴ 


2 
+ )10-1( )7363( )645.7( = 127330 


® Fer = 0.6 \F, =0.6 (30 = 3.28 N\mm 


= 600329391.5 N.mm 
= 632 KN... 


Behavior of Beams under Bending 
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© Fr Ig 3.28» 127332060300 


— 2 695.7 
Vt 


Moer= 600.33 kN.m 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 
Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. (www.yasserelleathy.com ) 


b- The Working Moment. (My) 
F_ = 30 N\mmt >y F, = 10.5N\mr 


CU 
Fy = 400 N\mnî —z Fg = 220 N\mr 


S'nv. (above) =150«1550» (75) = 17437500 mm’ 150 


S'nv. (under) =15 » 7363» (1000)= 110445000 mm 
* S'nv. (under) > Snw.(above) . Z >150mm 


S'nu. (above) = 1501550» (225) + 250:150 » (75) @ | ّ 00225 
850 


+ 2« (0.5» 450» 150) (100) = 61875000 mm 


S'nu. (under) = 15 » 7363» (850)= 93878250 mni 


* Snv. (under) > S'nw. (above) . Z > 300mm 
150 
150 
(D Take n=15 


(NA) under(N.A)‏ ا ب 


(1550( (150) ) Z¬- 75 (+ )250()7-150( )15( 4+ 2» (0.5«450» 150( )7-200( 


Z— 370.1 mm 


= )15( )7363( )1150-7( 
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150 
150 


370.1 220. 


® Inu = ر‎ (1550) (150) (295. a 250 (ge. 2 , 150 


4 2» (0.5 450» 150) (170. 1 4 (15( (7363) (779. 9y = 90786444070 mr 


2 
@ Mwe= و‎ EE as T- Sec. 


_ ()10.5 «90786444070 
370.1 


= 1717117289 N.mm 
= 1717.1 kN.m 


FE 
s) „ ] 220 
d—z7Z TERT = 1707.3 kN.m 


© [Mw =1707.3 kN.m 


O Mus = 
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C-The Failure Moment. (M. ult) 


600 
0 سے ی 00ے ےم 
Db 6800 +F, 600 + 400‏ 


D 


@ Assume a <s 


Cd < 150 mm 


(@ From equilibrium eqn. C.-T 


2 
= Î, * a»B = As*K 


Assume Fg = Fy—ج‎ (under reinforced or Balanced Sec.) 


(a) (1550) = (7363) (400) > = 95.0 mm Cts .. 0.K.‏ )30( ج 


C =1.25 d=1.25* 95.0 = 118.75 mm < Cp 
The Section is Under Reinforced Sec. 


and the assumption is right Fg =F, 
2 _ 
“<M, 5 Fy, B (d-$ 


$ (80) (95.0) (1550) ( 150 - 0 ) = 3246862500 N.mm 


Mu= 3246.86 kN.m 


Behavior of Beams under Bending 
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d- The Ultimate Limit Moment. (Mu.ı.) 


PTS 


600 
ma = 0.8 (2) ErerrseS 600 + (F\ Ds) 1 d = 0.337 d=0.337 »1150 =387.55 mm 


assume <s O< 150 mm 


From equilibrium eqn. & SS» asB = 


assume Fr - (Under reinforced Sec.) 
“EF 

2 F ت‎ ٍ» 

E, 


> (74)(@) (1550) = (7363) (49 
— > ا‎ =123.92 nm < 5 00.K. 


Uys LU<Oq, .'. right assumption E 
8S 
_ 2 Feu dd 
Mr, 38 2 ( 2) 
2 30 
= (7.8 ()123.92( )1550( )1150- 123-9) 2786484947 Nm 


= 2786.48 kN.m 
M,,=2786.48kN.m 


ج ج حح حح ص جج ج ج ص ج صصص ڪڪ صصص ج ي جج 
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-The Factor Of Safety For Loads. 


_{/ Mu.ı.N\ _ 2786.48 
Mn 1707.3 


= 1.63 


- The Factor Of Safety For Material. 


5 ( _ 6 


e = 1.165 
Mu.L. 2786.48 


- The Clobal Factor Of Safety. 


0و _ 3246.86 _ )ر _ 


Mw 1707.3 
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Example. 


۳ 
I = 25 N/mmî’ 3 760 mm 
Req. St. 360/520 450 
500 
For the shown Cross—Section 5 
2 
1- Calculate M or. 50 1520 mrî 
2- Calculate Mw 250 


3- Calculate Mult 48 >0.2 ج‎ don’t neglect Ag 
4- Calculate M U.L. 


Solution. 1_ Mer 


5 
0 7= Es 2*10 = 9.09 — چ‎ TU 
Ec 4400 \ 25 


© Ay=b»t+(n-1)Ag +(n-1)A4g 
Aر‎ = 250« 500 + )10-1( )1520( + )10-1( )760( 
= 145520 mrî 


@ YJ, = 250500» 250+ (10-1) (1620) (50) + (10-1) (760) (460) 240.6 mm 
145520 


3 2 2 
[ 250500" 260» 500 (250- 240.6) + (10-1()1520( ) 240.6-50 ( 


gross 12 2 
+ (10-1) (760) (450-240.6) 3412106414 mn 


® Fr = 0.6 Fy, =0.6\ 25 = 3.0 N\mm? 


E 
© Me, = lotr* Ig _ 3.0 3412106414 _ 42544967.7 N.mm 
240.6 


42544967.7 N.mm 
ڪڪ ڪڪ کڪ‎ = 42.54 kN.m 
10 
Mor=42. 54 kN.m 
ج ج  ص ح ح  صض ج حح ضضض ڪڪ ص ڪڪ ججج جي و‎ 
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2- Mw ٤ 
Allowable stresses ¦ 50 


2 2 ٣5 
Fy=5 N\mm yy Fe = 9.5 N\mm ٣ 


Fy =360N\mnî > Fg = 200 N\mrê 
(MD Take n-=15 1 
® Get Z by taking 


b (Zz) (¢)+(n-1) Ag (Z-d)=n As (d-2) 


250)27( (ے)‎ + )14()760( )Z-50( =)15( )1520( )450-7( 


2 
@ cet In = DZ" ,(n-1) Ag (Z-dY +n 4s (d-2) 


3 
Inu = ا‎ + )14( (760) (189.1-50) 4 (15) (1520) (450 - 189.1 


= 2321339454 mnî 


= 116.62 kN.mm 
Del _ Effet 
dz 450—- 189.1 

= 118632398 N.mm = 118.6 kN.m 


© | Mw =116.62 kN.m 
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3- Mult 


7u ٤e للتسمیل‎ 
2 8 (For compression steel ) = Fı 
Cs= Aş$* Fy 
600 
© ,م‎ 60 Gd کے‎ 460 281.2 Mm 
O «oo+#FE, 600 + 360 


@ From equilibrium eqn. Co+Cg =T 


> F, * «Db + A; * Fy AK 


Assume ع‎ 


2 (25) (a) (250) + (760) (360) = (1520) (360) > = 65.6 mm 


— (under reinforced or Balanced Sec.) 


.'. €= 1.2561 = 1.25*65.6 = 82.0 Mm < Cb 


‘. [The Section is Under Reinforced Sec. 


and the assumption is right Fg F, 


M 1t” The moment about the steel. 


My = Co »(d- ¢ )+ Cg «(d-@) 
- f Eurasb (d- $) Ag*Fu (t-2) 
$ (25) (65.6) (250) (450 - 85-F ) + (760) (360) (450-50) 


=2231474666 N.mm =223.47 kN.m 


Mut =223.47 kN.m 
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vg 


7u) e للتسھیل‎ 


F S8 (For compression steel ) = 


C 4 


sS 


nin = 0.1 Cd = 0.1450 = 45 mm 
= 0. 8)) [ TES ) [d= 0.36 d =0.35 »450 =157.5 mm 
y 8 


From equilibrium eqn. Co+Cg =T 

e, (anb)+ Age Û = AgeFg a 
e 

assume e ( Under reinforced 


۳ 5 
1 w « (eb)+ A, # Aېو*‎ 1 


2 360 360 
> 9 )(OL) (250) + e (= )1520( 
> = 85.64 mm . nir O <O masz 


. right assumption 


M i = The moment about the steel. 


e Le «(d- € )+ Cs «»(d-d) 
Foe @* Db (d- ¢) + A 8* ۳  )d-@( 


وک 3 
)450-50( )-360( )760( + ) 4و 15-64 - 450( )250( )85.64( ) (E‏ 2 


=192028815 N.mm =192.0 kN.m 


Mor, =192.0 kN.m 
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Example. 


The Figure shows a statical system of an overhanging beam, subjected to uniform distributed 
load (W) with the shown sections. It is required to calculate the critical value of the load (W) 
in each of the Following cases: 

1-The cracking load of the girder (Steel reinforcement can be ignored) 

2-The ultimate load of the girder. 


@ @ W kN/m 


مئ وا ن 10.0 رمج .2ا 

e 
n 0m. ll G0cm— | 

6 ١ 
100 ۳ 100 : 
1 

22 اا 

Section Section Section Section 1 


For Cracking Moment. Mor 
IF we neglect the steel. Mor (sec.1) = Mor (See.2) 


000m 
600mm 


MOO‏ ا 
O‏ 


600mm 


ML 
OD Avu= A 
_ Zu 72 
@ J, = 500 mm 1 
E 
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= 2 )200 1000( + 400+ 600 = 640000 mm 


د | 400600 _ و1 ® 
MOL‏ 200 
۱ۃ ûQ‏ 


3 
2 
| 00% -200(500 »1000 + ا 2 


N 
600 
= 72533333333 mm : KK 0 
7 
200 OM 
® Ew -=0.6\F,, =0.6( 30 = 3.28 N\mm 
OM = Fotr* Ig 3.28 72533333333 _ Jarak ant 
= ` 600O = 
e = 475.8 kN.m 
For Ultimate Moment. Mult —1000—¬ 
7 
Section 1 
eT 9 0 
As= 10 422 = 10 [2221] = 3801 mmî HH op27- و‎ 
600 600 
E 
@ Assume a <s I BDF 
QU < 200 mm َ 
950-4 0 


@ From equilibrium eqn. 


> ka » d*B = A4s*F 


Assume و ا‎ (under reinforced or Balanced Sec.) 
= )80( (a) (1000) = (3801) (360) > = 68.4 mm Ct, .. 0.K. 
'. C =1.25 QM = 1.25 » 68.4 =85.52 mm < Cp 


‘. [The Section is Under Reinforced Sec. 


حح ج ججح ج حح ص ص ص ج ص ص ج ص ج حص ج يڪ 
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'. [The Section is Under Reinforced Sec. 


and the assumption is right Fg= Fy 
2 _ 
M, E, B (d-€#) 


M = 2 (30) (68.4 )(1000) (950- 68. 02.4) = 1252814400 N.mm = 1252.8 EN.m 


“| Muu =1252.8 kN.m 


Section 2 


2 
A= 6 %22 = 6 ] 5 [ = 2280 mm TF 23 
© ,ع‎ 0 __„ U 
b 600 + F 9 0 400 
ر‎ wl 


% 950 = 593.7 mm 


` 600 +360 
@ Assume «d <s #22 
COL < 200 mm ا‎ 
8 9 0 
@ From equilibrium eqn. م‎ OD 
> HF, + a»B = A4g*F 1000 


Assume و ا‎ (under reinforced or Balanced Sec.) 


= )80( (a) (1000) = (2280) (360) > = 41.04 mm <C tg .. 0.K. 


. C =1.25 Q = 1.25 » 41.04 =51.3 mm < Cp 


.. The Section is Under Reinforced Sec. 


and the assumption is right I= HF, 


. M =£ E,aB (d-¢) 


ult. 3 


. M = £ (30) (41.04 )(1000) (950-4 41:04 ( = 762917184 N.mm = 762.9 EN.m 


| Mau=762.9 kN.m 


ج ججح ججح ص جج ج ضضض ج ص حح جڪ ي و 
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Actual Moment. 


@ D W kN/m 
| 
1-2.0 1 0.0 ıu 250۔ا‎ =“ 
e 
3.125 W 
D 
2 
9.375 W 


1-The cracking load of the girder. (War) 
Sec. O M,, = 9.875 W Mor = 475.8 kN.m 
““ 9.375 Wor. = 475.8 kN.m y> Wor. =50.75 KN/m 


Sec. © MM, = 8.125 W Morg= 475.8 kN.m 


““ 3.125 Wor. =475.8 kN.m ys Wor.g =152.2 kKN/m 


Wor. = 65 kN/m 


1-The ultimate load of the girder. (Putt ) 
Sec. O M,,= 9.375 W Mutt = 1252.8 EN.m 
““ 9.375 Wult=1252.8kN.m > Wultg =133.6 KN/m 


Sec. @ Mr= 3.125 W Multa= 762.9 KN.m 


°“ 8.125 Wult= 762.9kN.m y> Waultg =244.12 kN/m 


Wult =133.6 kN/m 
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Example. 


U RNN: 7 
agama 
@>ا‎ 
lL 16.0m—_أ‎ 
Data. 
F,= 360 N\mmî 
Floor Cover =3.50 kN \m” Sec. )1-1( 


Ag=sase mnî 


لم ں ما ل مم00 لیمیا 
300 300 


Reg. 


Find the allowable working lve load (kN \m®* ) 


Allowable stresses 
FE,= 30 N\mm y> Fe = 10.5 N\mmî 


1 = 0 N\mmî و چے‎ = 0 N\mm® 


SS ا‎ 
250 


1400 
| 8838 5 e ۳ 


کک 1 للم رما 
300 300 


To know if Z is bigger or smaller 


than the Flange thickness = 250 mm 


S' nv. (above) =250+2800»(125) = 87500000 mm’ 
S'nu. (under) = 15» 8838 » (1050) = 139198.5 mm 


.“ Snw. (under) > S'nu. (above) 5 : 
“ Z> 250 mm 


8838mm 
حح صح ص ج > ج ص ص ج ص جڪ صي‎ 
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(MD Take n =15 


.' 8838 mnî 


S — Sn 
@ Get Z by taking nw. (NA) onder (NA) 


(2800) (250) (Z- 125) + (600) (7-250) )( = )15( )8838( )1300-7( 


E E 


810.7 LL 
|_7 N ۴ 
|600 
989.3 
ووم اعم ا‎ mr 


3 
+(2800) (250) (185.7 + o. 


@ n 2800 (250) 
12 


+ (15) (8838) (989.3 = 157577886000 mr 


F, x»I 
@ Myo etm ______ not as T- Sec. 
Z2 
10.5 #15750 = 5325290643 N.mm 
310.7 
F = 5325.3 KN.m 
S 
© Mas FR) ™ 
d-ZzZ 
200 
e 57577 000 
6 (73) + 157577886000 _ 2128762741 Nm 
1300 - 310.7 = 2123.7 kN.m 
© jMw =2123.7 kN.m 
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للتحویل من م لے ۸٣۰0‏ نضرب فی العرض بالمتر 


للتحویل من 0٣م‏ لے ۸م نقسم على العرض بالمتر 


W= 0.W.+ F.C.+ L.L.= 7 kN\m: 
O.W. of the beam For 1.0 m. 
= Volume * e 
= [ 0.25 (2.8) + 0.95 (0.6) + 0.20()1.6( | (25) 
= 39.75 kN\m: 


2 2 
M -wL _ w(16) -_ 82.0W 
act. 8 8 


To get the allowable L.L. 


M =M 


act. WU 


32 w= 2123.7 kN.m >, JW = 66.36 kN\mr 


° W=0.W. + F.€.+ 1.1. العرض بالمتر‎ 


DL. = 16.81 kN \mr e 
L.L.(kN\m) <<< e 


العرض بالمتر 


L.L. (kN\m ®) = 
L.L. = 6.0 kN \m® 


ا ا ن ن ت — 


.. L.L. _ 16-81 _ 6 0 RN \m 


2.80 
2 
L.L.= 6.0 kN\m 
ج ج صصح ح ج ص ج ج جج ص ص ص جڪ ص جص ج ڇ ي‎ 
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Exanmrple. 


Figure 1 shows an elevation and cross section For a ramp path structure connecting the 
two levels (+7.00) and (+10.00). It is required to: 


1 - Calculate the maximum working uniform live load acting on horizontal projection which 
could be carried by the ramp structure (taking into consideration its own weight). 


2- Calculate the Failure uniform live load of the ramp structure (taking into consideration 
its own weight) and state the type of Failure. 


Fo, = C = 30MPa , steel 36/52 


jg (+ 10.00) 


= own weight 1 
(+ 7.00( 
EBT 1 
سوي لوی لسر .و ا‎ 
0.3 0.3 
1 ۳ 
1 ٠ Sec. 1-1 
| 0.25 
20 418 
4. ضضğgğŞ أ‎ 
Figure 1 
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1 - Calculate the maximum working uniform live load acting on horizontal projection which 
could be carried by the ramp structure (taking into consideration its own weight). 


ا .4 


0.W.= [(0.25* 4.0)+ (0.75% 0.6) |] * 1.0 +25 = 36.25 N/m 


Allowable working moment. Mn 


Allowable stresses 


2 
ر‎ = 30 N\mm —y Fe 


Êy = 360 N\mmî yy Fg = 200 N\ mm 


10.5 N\mmî 


2 
4g= 20 %18 = 20 151] = 5089.4 mm 


600 
e 


5089.4 mm 
أ 0م ا‎ 
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(MD Take n=15 1000 
250 


@ Get Z by taking 


b(Z7)() =n A4s(d-2) 


600)7( )( = )15( )5089.4( )950 -7( 


Z = 380.6 mm 


3 
E 800 (380.6) 4 (15) (5089.4) (950 - 380.6) = 35777467260 


@ Ma le *Îru _ 10.5» 35777467260 _ 987029443 Nm 
2 و‎ = 987.03 EN.m 
F 200 
) Mg FE) lw _ Cf ) * 35777467260 _ ggg e94 in 
d-z7 950- 380.6 = 837.78 EN.m 


@ [Mwy = 4837.78 kN.m 
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Actual working moment. 


P= ??2? 


36.25 kN/m 


moment at mid span. 


(230.37 +6.0 P)(6.0)— (36.25*3.0) (4.5) — (36.25 * £1( )1.5( 


— ( P+*6.0)(3.0) = 18.0 P+710.41 


M aer = 18.0 P+ 710.41 


To calculate the maximum working uniform liwe load acting on horizontal projection. 


Mwen حح‎ M act 


837.78 = 18.0 P,ر‎ + 710.41 ||P =7.076 KN/m 


جج ج حح حح ج ص ج ص ص ڪڪ ج ڪي 
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2 - Calculate the Failure uniform lwe load of the ramp structure (taking into consideration 


its own weight) and state the type of Failure. 
Ultimate moment. Malt 


2 Fu 600 
3 


“اا ي 


T 0آ ا‎ 
5089.4 mm 
ل ممن ا‎ 
C.= __ 600 „dd _ے‎ 607 „ 960 593.75 mm 
D 600 + Fy 600 + 360 


@ From equilibrium eqn. C= T 
2 
Assume Fs =۴, — (under reinforced or Balanced Sec.) 


> (30) (@) (600) = (360) (5089.4) > (= 152.68 mm 


® .. C =1.25 d =1.25 «152.68 = 190.85 mm < Cp 


The Section is Under Reinforced Sec. 


and the assumption is right و‎ 5 
@ By taking the moment about the steel. 


. Mı =& (80) (152.68) (600) (950-52-68) 


= 1600684906 N..mm = 1600.7 kN.m 


Malt = 1600.7 kN.m 


To calculate the Failure uniform live load. 
Mout = Moet 
1600.7 = 18.0 Pg + 710.41 > [Fut =49.46 kN/m 
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Example. 


1000 


۸ ۸ Sec. (1-1) 


For the given statical system & cross section of a water tank 
with 0.25 m thick cantilever walls, It is required to Find 
the max safe height of water (H) in the tank. 


Fy = 30 N\mmî Ss. 240/350‏ 
فى المنشأت الماثيه يجب منع حدوث أى شروخ فى الخرسانه حتى لا تصل المياه 
الى حديد التسليح فيصدا . 
لذا ای قطاع موجود فی ال ر٤‏ يجب أن لا يتعدى العزم عليه عن ۷1 
*» لحساب أكبر ارتفاع للماء ممكن أن تتحمله حوائط ال مر 
هو الارتفاع الذى يجعل العزم على القطاع السفلى للحائط مساوى تماماً ل Mer,‏ 


سیتم دراسه - ,۱ م من حائط ال )صا 


SS 


KRG 


(¥ 
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M cer, For the section. 


1000 


Ag = 6%12 = 678.5 mm 


5 
Ec: 4400۷30 


@® Any = 250»1000 + (10-1) (678.5) = 256106 mm’ 


® J, — 250» 1000 »* 125 + )10- 1( )678.5( (40) _ 24 mm 
256106 


3 2 2 
@ ول‎ = 1000 290 1000» 250 (125-123) + (10-1 ( )678.5( )123- 40( 
= 1845151012 mrî 


@© M__Fetr* Ig _ 3.28+*1345151012 _ 35870693.6 N.mm 
ون‎ 


123 
CE = $5.87 kN.m 
س س سس س سسس ب س س س ا‎ 
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e 3 
i 


1 
Ouoler x H 


water = 1.0 t\nî = 10.0 kN\mî 
water pressure (at base) — Cay H =10H kN\nê 


water Force F" = } (Vuater»H) »H = 1 (10 H)»H = 5.0 HÎ kN 


Actual moment at Base = F'* H _ 5.0 H+ 1 ج ے‎ FH kN.m 


3 
Actual moment at Base = ج‎ JH KkKN.m 


To get the maz. safe height (H) 


“ Actual moment at Base = Mer 


H° = 85.87 enm *“|H= 2.781 m 


»,اذا زاد إرتفاع الماء عن م 2.781 سوف يكون العزم المؤثر على القطاع السفلى للحائط 
أكبر من ال Me‏ فتتشرخ الخرسانه فيصل الماء إلى الحديد فيصداً الحديد . 
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Example. 


For the given statical system, it is required to: 


1— Draw the max.—maxz. B.M.D. 

2-— Calculate the compressive and tensile stresses on both concrete and 
steel bars respectivly at sections 1 and 2 (using the working loads). 

3— Comment on the results From No. 2 in the light of Egyptian code. 


F,= 30 N\mrê , st. 400/600 


G=110kN G=110kN C 
P=50 kN P=-50 kN 2ح‎ P=-30kRN 


G=70kKN 1 
P=4.0 
g=16. 


P=30kRN 
0 


2ر اک 


1 
لوم و لضو ولو ولو و لر وا 


جو سس g‏ وو م 


Sec. (1-1) 
سس سسس ب س س‎ 
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GC=110kN.. G=110kN 
= N 
وو‎ =50 EN P=50 EN 


امو واو واو وا قو و و و 


1— Draw the maxz.—-maxz. B.M.D. 
1-maxz. +Ve B.M.D. D.L. TL. D.L 


POEN 1 6OkN 160 kN VOEN 


445.5 
2- maz. -Ve B.M.D. علط ا1 عل‎ 
ا‎ 110kN  11O0KkN E 


327 327 
165 
س سسس س س سه س‎ 
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maxz—max B.M.D. 


445.5 


2¬ Calculate the compressive and tensile stresses on both concrete and 
steel bars respectvly at sections 1 and 2 (using the working loads). 


سر 0و سے )1-1( Sec.‏ 
E‏ 0 , 

F,= 30 N\imrt zy Fe = 10.5 N\mm 3 
Fy = 400 N\mnî —zڃ‎ Fg= 220 N\mê ا‎ 830 

T—-Sec. No As 
ا250‎ ¦ 
To know IF Z is bigger or smaller 

س 900و | 


Oo 


than the Flange thickness = 120 mm 2 
S'nv. (above) = 120» 900 »(60) = 6480000 mrt 1 
۴ 3927 mnî 
S'nv. (under) =15 » 3927» (710) = 41822550 mr 


* Snw. (under) > S'nv. (above) 
. Z>120 mm 


E 
. 2 0غ‎ 4 0 
a 


250ا 
830-7 


—_! 3927 mrî 


ج ج ج حح ص ج ص ج ج ص ڪج ج ص ڪڪ جص ي 
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@ Get Z by taking Snu.= 0.0 
(900 ) (120) (7-60) + (250) (7-120) )( - (15( )3927( )830-7( = 0.0 


Z = 305.87mm 


5 EE EE 
ا‎ 2y Ss “E 
305.87 ` 248 
| 1868 .87 __ 92. 8و‎ 
| - 
524.13 
——_ 927 mrî 


O In = 0 (120 + (120) (900) (245.87 4 E 


+ (15) (3927) (524.18 = 23375462050 mm 


e کڪ‎ 
N ANE 
524.13 


2 


$| $927 mnî 


Actual Stresses On Concrete. 


6 
F,= MZ  445.5%10 «305.87 _ g82 mi > Fe 


Inv 23375462050 
T—sec. 
Actual Stresses On Steel. 
6 
F=n4 Maz) = 15 (445.510 (52418) 1 149.83 N\ mrê 
23375462050 
TU 
< Fs 
Comment Sec. (1-1) is Safe. 
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Sec. (2-2) 


. چ4‎ _ 603 _ 022 < 2 
A. 261 


“| Don’t neglect A§ 


Take n=15 


ا250 ل 


Get Z by taking Snwu.= 0.0 
b (7Z) (Z)+(n-1) 4g (2-d™)-n 4s (d-Z) = 0.0 


250(7) () + (14) (603) (Z-50)- (15) (2661) (880-7) = 0.0 


Z = 359.6 mm 


2 
Cel l= DZ ,(n-n 4s (2-JJ +n Ag (A-2) 


I. _ 0 (359.6) 
3 


nu + (14) (603) (359.6 - 60 


2 
+ (15) (2661) (830 -359.6J = 13516476260 mr 


Actual Stresses On Concrete. 


6 
F,= MZ _ 327 ¥10 «359.6 _ 8.70 N\mm® < F, 


Inu 13516476260 
R¬—sec. 
Actual Stresses On Steel. 
Fa =n, (4-2) =15 327 10° x)470.4(  _ 07 N\mrî 
13516476260 
nu < Fy 


Comment Sec. (2-2) is Safe. 
The Beam is Safe according to Egyptian code. 
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Example. 


J=60kN\m P= 30 kN\m 
ا‎ = 
ا ا‎ 
K,, = 25 N\mmê St. 360/250 اممو ا‎ 
Reg. 


OD Fined the max. design length of such cantilever to safely 
carry these loads according to Ultimate Limit Method. 
® Check stresses in both concrete & steel at working level 


and comment your result according the New Egyptian Code. 


Solution. 
2280 
As = 64622 = 20 mrî 
Aş= 2412 = 226 mm 
Neglect A: 266 


ج ج حجحججح ح جججح صض ‏ ج ضضض ڪڪ ص ڪڪ 
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+۳ (E\ös) (و5‎ 


From equilibrium eqn. 


naz = 0.8 (2) | eoo+ (Fo »ا‎ =0.85 d=0.35+425 = 148.75 mm 


2 Fou, da» Db = =4 +۸ USSUTTE ٤و‎ <٤ ج‎ ۴ - 
3 5e 5s 
Er 2 
E و5‎ 


(5 )d) )200( = )2280( (2C 


Tak 
> M=321.18 mm > Qay. “¢ = d= 148.75 mm 


: 2 _ maz. 
.M a © جم‎ 


U. 8 


Mr = > £9) )148.75( )200( (425 - 15 = 115901041.7 N.mm 
= 115.90 kN.m 


(Ww), = 1.4 (60) + 1.6 (30) = 132.0 kN\m 


(M, r )aot. = WL E - 66.0 LÎ 


To get the max. design length اا‎ (M, r) act. = = (M, r.) all. 


66.0 L = 115.90 >, |] = 1.325 "m 
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@) Check working stresses. 


(W),ر‎ = (60) + (30) =90 eN\m 


(Mr) act. = WL 


2 
90 1825ء‎ 79.0 RN.m 
2 


OM Take n-=15 

@ Get Z by taking Snu.= 0.0 
)200( )7( )4( - (15( )2280( )425 -7( = 0.0 
Z = 246.84 mm 

® cet Inn= DZ’, n Ag(d-2) 


8 
2 
Ip = 200 (246.84) , (5) (2280) (425 - 246.84 


— 2088205551 mm 


Actual Stresses. 
کے‎ 6 
On Concrete F,= MZ  79.0¥10 x«246.84 _ 9.338 N\mmî 


8 2088205551 
6 
On Steel Fı =n, M (A-2) 16 (20+10 + 178.18) 101.1 N\mmrê 
3F 2088205551 


Allowable Stresses (Due to N.E.C 2007( 


On Concrete F, = 25 N\imm >Fe = 9.5 N\mnîê 


On Steel 1 — 360 N\mmî > ۸۴ — 200 N\mnî 
Actual Stresses. < Allowable Stresses 


The Section is Safe in working method too. 
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Example. 


Post 
4.0 (800*300) 


Statical 
System 


Ûg = 120mm 

St. 360/250 

b (Beam) = 250 YU? 
D (Frame) = 300 mm 
L.L. = 1.0 kN\mê 
F.C. = 1.50 kN\m 
0.W. (beam) = 3.0 kN\m 
0.W. (Framg = 6.0 kN\m 


S 1 = 5.0 m 
Ppactng Sec.(1—-1 ) 


Reg. 
O Draw I.F.D. For the Frame (Case of Total Loads only) 
@ Check the safety For Seo.(1-1) , Seo.(2-2) (Using Working Method) 
@ Calculate F.0.S. For Sec.(1-1) , Sec.(2-2) 
@ Draw a sketch illustrate the position of main RFT. 
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کک 2 


I 7 I 7 I VIJIJIII I JJ 7 JJ 7/7 JJ 7 JJ JJ 7 JJ 7 JJ 7 
٠ ⁄ 4 4 -— 4 
کک ر‎ 


@ 


7 
لوو لم ا EF‏ ا ,ل وم .ےا 


x cis 2< cils /⁄ 
N 2 N 2# N 2# 7 
4 ۳ 4 
E ااا ااا ااا ا‎ 
Plan (1-1) 


Ws = s+ 5+ F.C.+ L.L. 
= 0.1225 + 1.60+1.0 = 5.50 kN mî 


WUg= 5.50 kN\m 


جج ججح حح ج ج ج ج ج جج ج جص ڪڪ ج ڪڪ ڪي 
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5 


For Trapezoid. a =1- 1 = =1- 1(2 (= 0.70 


e 3.0 
Wa =0.W.+ Cg Wg 8 = 3.0 +0 )5.50( )- ( = 8.77 kN\m 


R= Wa x Spacing 


R,=8.77*5.0= 43.85 kN R1 = 43.85 kN 


Ba 


For Trapezoid Ca =0.70 s Ce =1- 1) - =1- 1) 0 0.88 


an 
Wa =0.W.+ 2 Cg Wg La = 3.0 + 2 (0.70)(5.50) (j ) = 14.55 RN\mr 


Ra = 14.55 *5.0= 72.75 kN R2 =72.75 kN 


e 3.0 
We =0.W.+ 2 Ce Wg چ‎ 3.0 +2 (0.88)(5.50 ) (;- = 17.52 kN\m 


Bs 


n 
Wa, = 0.F.+ wg 8 


= 3.0 + )5.560( )ً( = 8.50 kN\m 


5,0 
Fg = 8.50 * 5.0 = 42.5 kN 
R3 =42.5 kN 
Post (Can be neglected) Plan (2-2) 
Weight of the Post = Volume x Density a 
= (0.30 » 0.30 *4.0 ) (25) = 9.0 kN چ‎ 
Weight of the Post = 9.0 kN ر‎ 
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Loads on the Frame. 


۹ 


Zarea _ 8 ) $8.0) )1.5(( = 1.50 


e 12.0 
W1 =0.W.+ 2 rea + Wg = 6.0 + (1.50((5.50() = 14.25 kN\m' 
span 


43.85kKN 72.75kKN 72.75kKN 72.75kKN 43.85 KN 


ا )| س ر 


R=230.39 KN‏ ا 
0 ولو ولو .ولو .وا 
R + Post + Rs 42.5 42.5‏ 42.5 
kN‏ 281.89 = 9.0+42.5 +281.89 
EN\‏ 6.0 
20ا 
343.56kN‏ ا 
.2ا 
EN‏ 336.39 
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1 I.F.D. For the Frame. 


N.F.D. 


ج ج ج ج ج ص ج ج ص جص ج ص ڪڪ ححص ج ي و 
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Check the safety For Sec.(1-1) , Sec.(2-2). 


Sec. (1-1) 
أ‎ 


A= 2410 = 157 mm ۱ 
. Neglect As 


س © 


Allowable stresses 


Fy =5 N\mmî چ‎ Fe = 9.5 N\mmî 


F, =360 N\mmî —> Fg = 200 N\ mmr 


(D0 Take n-=15 


@ Get Z by taking Snu.= 0.0 800 
)300( )7Z( (4)- )15( )804 ( )750-7( = 0.0 


2 
@ cet n = b2 +n Aو(d-Z)‎ 
I 


3 
2 
ee 4 (15) (804 ) (750- 208.63) = 4442655499 mr 


109417601N.mm‏ = 15ے 
kN.m‏ 109.4 = 208.63 -¬750 


© [Mw= 109.4 kN.m 


س س ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ ڪڪ o o‏ و 
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(6) +I, (02) x 4442655499 


0.003 2F 
3 


00 600 
® ,م‎ 0  „d م ا‎ 760 - 468.75 mm 
Db 600+ F, 600 + 360 


@ From equilibrium eqrm. C. - T 
2 ey x @*D = As*K 


Assume و‎ = ۴, 


mm‏ 57.88 =( > )360( )804( = )300( )@( )25( ج 


— (under reinforced or Balanced Sec.) 


'. C =1.25 U = 72.36 mm C5 


`. [The Section is Under Reinforced Sec. 


and the assumption is right 2 I 
a 
. Mz; kaa b(d-¢) 
٤ )25( (57.88 ()300( )750- 57.88 8788 ( = 208674764 N.mm 
208.67 kN.m 


Maru = 208.67 KN.m 


ج > س س ڪڪ س ڪڪ ڪڪ ڪڪ ج o‏ ۆۆ 
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Sec. (2-2) a aaa 


ۈÖڪ ڪڪ‎ 2 
Ag = 12422 = 4560mm 
Ag= 3 $12 = 339 mm 


Neglect As Sec. (2-2 ) 


oL 


Allowable stresses 


25 N\mmî — Fe = 95 N\mmê 
و‎ = 360 N\mmî y 1 = 200 N\mmî® 


S'nuv. (above) = 120s 2000s(60) = 14400000 mrê 
S'nuv. (under) = 15 * 4560» (705 ) = 48222000 mrî 


“ Snw. (under) > S'nw. (above) 
“® Z> 120mm 


@ Take m-=15 ا‎ : 
2-120 QQ 


@ Get Z by taking Snu.= 0.0 ا‎ _ 8 
(2000) (120) (Z-60) + (300) (Z-120) ۵ع‎ 825-2 
- (15) (4560) (825 -7) = 0.0 9 
ZI = 224.37 mm 
SF, _ 2000 (120), e zo)(eo00)( 224 37-60 4 ار ل‎ (16) (4660) (826 - 224.37 
= 31561628060 mr 
@ Mwe= _ OF, «In Eas T- Sec. 
ا ت‎ = 890895890 N.mm = 890.89 kN.m 
p7? 
Fe\ „I 200 
® Mus = GE) «nw _ (j) +31661628060 _ oogs3846 Nm 
d-Z و ا‎ = 700.6 kN.m 
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Sec.(2-2) 


600 
@ ےل 0 ےم‎ 825 515.626 mm 
Db 600 + F, 600 + 360 


@ Assume d <F 
QM < 120mm 

@ From equilibrium eqn. C,=T 
2 
hi * a »«B = Ag*K 

Assume E (under reinforced or Balanced Sec.) 
2 
(25 ) )@) (2000) = (4560( )360( > = 49.25 mm <ts .. O0.K. 

. C =1.25 d =61.56 mm < Cb 


..[ The Section is Under Reinforced Sec. 


and the assumption is right Fs = ۴, 


. Myr f, B (d-¢%) 


ult CW 


= (25) (49.25) (2000) (25-25 ( = 1313948958 N.mm = 1313.94 kN.m 


M ,,=1313.94 kN.m 


ج حح صح ص جج ج ص صضڪض ڪڪ ص ڪڪ ڪي 
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Check the safety For Sec.(1-1) , Sec.(2—-2)° 
Sec. (1-1) 
Using Working Stress Method 
(Mw act. = 97.0 kKkN.m (Mw) atu. = 109.4 KN.m 


'. (Muw)act< (Mw)all > .'. The Sec. is Safe. 
Sec. (2-2) 

Using Working Stress Method 

(Mw)act. = 644.5 kN.m (My) au, = 700.6 kN.m 
'" (Mw)act< (Mw)all > .'. The Sec. is Safe. 
F.0.S. For Seoc.(1-1) , Sec.(2-2) 


Sec. (1-1) 


F.0.S. = (Mant) _ £08.67 25 


Sec. (2-2) 


F.0.S. = (Mu _ 1313.94 _ 2.04 


(Mw) act. 644.5 
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Sketch illustrate the Main RFT. For the Frame. 


الرئیسی یکون داشا جه ال momen‏ 


ج ج ج ج ص ج ج ص جص ج ص حح ج ڇ ي 
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Example. 


Figure 1 shows different RC sections. It is required to arrange them in an 


ascending order according to the value of Cracking Moment and once again 


according to the value of the Ultimate Moment. 


4 1 
400 
| 1000س‎ 
120 
ا‎ | 1 1 
700 700 700 700 
الس 1000ا السا اسا اسا‎ 
400 400 400 
Section A4 Section B Section C Section D 
As=4 4%16 As=4%16  As-7$16 As=4 416 
Figure 1 


لذا لن نحتاج لعمل اى حسابات. 
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For Cracking Moment. 

قیمتها ثابته gS‏ 
و کلما زادت تزید Magy= Petr * Ig Mer.‏ 

۽ کلما زادت قلت ÇE Mer.‏ 


الفرق فی م یکون صغیر عند اختلاف پ9 لانها تحسب مساحه فی مسافه 


الفرق فى .رما يكون كبير عند اختلاف و[ لانها تحسب مساحه فى مريع المسافه 


004 — 
A LZZA] t 


ET اس‎ 


اتا ال ا اچ ا 
mm 400 mm 400 mm‏ 400 
As=44616 As-=7%16 As=4%16 As-4%16‏ 


Mer(B) < Merc) < Mer(4 < Mer.(D) 
الا سياب‎ 


Mer.(B) < Mor.(c) Wey, Ig (B) < Ig(C) 
7, (B) > ¥, (0) 


فرق ۽4 


Marc) < Mg,(4a) Cuuse, 19 (€) < 19%4) 
Y,(C) < VY, (4) 


Mer.4) < Mer(D) E> ¥,(4)> ¥, (D) 
Ig (A4) = Ig(D) 


ج ج ج صصح جص جج ج ص جج ج ڪڪ ص جڪ ج ڇ يڪ ج 
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For Ultimate Moment. 2F 


F= 2, » ab al 


Mut = Force * Distance 


Mutt = F *Yeo.t 


a on As=7 $16 
Muıte(B) = Mut (D) < Muut(C©0 < Mut (4) 
الا سباب‎ 


Cause 


Mut (B) = Mout (D) yy F(B) = F (D) 
Vo.t (B) ج‎ Yo.e(D) 


Mut (B,D) < Mae (c) Ep F (B) = F (D) < F (C) 
كبر‎ F (C) أكبر س‎ a (C) ان )C(وA أكبر سه‎ 


Cause 


غالباً )4( Mut (C) < Muıt(4) —yڃ F(C) < F‏ 
لان غالبا (4) 0 اکبر سه (4) / آکبر 


ج ج حح ج ص ج ج ج صضصضڪض ‏ ج ص جص يڪ 
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Example. 
Use the data in the given 150 
Idealized Stress—S'train Curves 600 
For concrete and steel. 450 
to calculate Cb و‎ ES s OL maz * Mur 6518 
اا‎ 


For the given section. 


250 


Stress (N\mm®) 


Idealized Stress—Strain Idealized Stress—S'traimn 
Curve For Steel. Curve For Concrete. 
Solution. 


بدلا من 
From Curves &«=0.0025 ¬ E€E,=0.003‏ 


بدلا مر 
Feu‏ 2 ا maz concrete stress = 0.85 Feu‏ 
Se 3 ce‏ 


3 5 
max steel stress — Fy ے‎ E + Es = 1.6610 ×2.010 = 312 NImmٌ 
ös 
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من تشابه المثلثات 
Ci _ 0.0025‏ 


d 0.0025 +€, 


Co _ 0.0025 
Cd 0.0025+ 1.56«10 


COL max = 0.8 Cmas = 0.328 d 


As = 6518 =1526 mm وو‎ 
d -550 mm 
Cin = 0.1 d = 55.0 mm 

6918 
Uq, = 0.328 d = 0.328 ¥« 550 

250 


180.4 mm 


= 0.15 


ج جح صصص ص ج صح صض ‏ ج ڪڪ 
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assume d <s 


Es 
“U < 150 mm 


150 CDE 


“260 


assume lI'g = 1 = J12 N\mm® ( Under reinforced Sec.) 
8 


.. 0.85 (2 ( )( )500( = )312( )1526( > = 67.2 mm 


From equilibrium eqn. Ce = T 


0.85 u x» a»B = Fg *Ag ----- “Fs 


Cc 


U=67.2 mm <tg .-.0.K. 
Unig U < Una, -. OK. 


س00 سم 
CC O@EEH‏ 150 
2 7 


250 
My, -0.85 Feu «a»B (d- 
5e 2 
Mr,.= 0.85 (25) (67.2)(500) (550 67.2) = 245806400 N.mm 
= 245.8 kN.m 
Mu, = 245.8 kN.m 
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Exact Calculation of Mg & M u, 1, (Fith Ten. Comp. Steet) 


شکل ال Sterss-str in curve‏ للحدید فآJ Compression J|‏ 
هو نفس شکل ال curve‏ ہ٣‏ st-terssاS‏ للحدید فی ال 7٥۸07۸‏ 


Stress (N\mm® ) 
Tension 


max. stress (Concrete) = Fo 


max. stress (Tension Steel) = 1 


max. stress (Compression Steel) = ر‎ 


maz. strain (Concrete) = 2۴ = 0.03 


strain at yield (Tension Steel ) a و ے‎ e 


strain at yield (Compression Steel ) 8 $= 2۴ BC 
S 2*10 


Note. [her &s 2 6) > F = ٣ر‎ 


When Eg4> Ey > Fg =F, 


حح ج ححح حح ج ج جج ص ج ڪڪ 
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IF there is compression steel. 


ZF 


3 Cu 


Cs 
— au ۰ 
d- و‎ 


-d 


ا 


ا اا 

Eg 0.003 
Compression Force. 
Ce = م‎ Fou * (a+b) 
Cg = A+» Fg ٤و‎ 2<٤ ل ےا چ‎ 
Tension Force. 


1= Ag» Fs 


Equilibrium Equation. 


- cu, * (0*b) + Ag+ Fg = Ag* K 
Compatibility Equations. 
600 
C =1.25 0= 
600 +E, 8 
Es +003 
0.003 

r © 
. | 
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Steps to determine M ult 


OD cet e-2 „qd 
600 + F, 


@ Use equilibrium eqn. Co+Cg =T 


2 
§ Rsasb+ Age R= Ag‘, 0 Fı Fg -?? 


USSUTTE Cs 2 چ‎ Fg = 1 (Under reinforced or Balanced Sec. ) 
E 


> 
assume &g و ج نح‎ 1 Where ê 


. Shusasb +Ag*Fy = Ag* Fy — Get d— Get C =1.25 
x IF C < Cb 
.. The Section is Under reinforced or Balanced Sec. Fg ا‎ 


To check the second assumption Fş= FE 


ل 
Es _ Cd get E 0.003‏ 
C 2 e‏ 0.003 
8E‏ 
Cet § Fy _ hı ۰‏ 
کک 2.10 J E,‏ ۰ 
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~ E> °, . F< Fy, wrong assumption 


To get The right value of @M, Fg 
2 ١ 
3 ou * 0*b+ Ag* FŞ = Ag* RF, e 


Fg 1.25a-d du, Fv 
“8 _ 1 — 91s 
600 1.25 2 


From eqns. MD,@ Get d, Fg 


Mrs Fu b (d-%)+A4g Fg(d-d) 


x IF C> Cb 


. The Section is Over reinforced Sec. 


3 چ ر ک‎ Fy, wrong assumption 2 ن‎ 
٤و‎ 
IF Es < E, چ‎ ESو>‎ E, 
ع‎ 
oS > ,ع‎ ١ Fg ج‎ : 
“ To get 5 right value of dd, Fg ع‎ 
> ou * a*b+ Ag* E, = Ag* F u, Fs T 1 Fy 
600 u, F 8 
C=]. ل‎ E @ 
1.250 600 + F; + ر‎ 
From eqns. @QW,@ Get dd, Fg 0 
2 : | 
a? k, u b (d-$£)+A:; Fy (d-d@) 7 O 


ج ج صصح ح حص جج ج ص ج ص ڪڪ ڪج ڪيڪ 
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Behavior of Beams under Bending 
Page 
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(PP) u 


(Pp -P) 


£ ın 


(5-P)q DW +" N 


r Ek 


(5-0) JN 


D0 Ge’ 009 


Sr +009 green Pp-o9t1 Sy 
Daren A sS y= SF Fy +0° ne 
Sy ‘0 3736 o} 


I: F59 


nl 


4 


e 0°0 
a a f1 8Q 3a6 = uO] 
f RA 8S P 0 
A2 SH <-“3>83 3 0 I =8, 42240 ol 
‘026 pa01l0furay Xan0 م‎ f7 = 7 ` ‘9g P30U01]D{g 1O 1apU/] 


9 <0 JI £000 9 >2 JI 


0| AI 


0 92'/ =9 19 <—D 329 < e - RJ fy + (qe) ar Ê 
(0a pa0un]Dg 1o pa0lo0fuyax xapun sy u01102s 3Y1 ) ya Sy و8 € سڪ‎ aUnssD 
a Sy = Sy Spy + (q*0) * nor & “wba vunıuqıınba WoO] 
r + 009 _q (1222s ‘duwoo $ “aL Y4) 
٥*09 7 0 9 ır yy a01n210) OL 


Ogg p+ — =7 1= 0 ك‎ ® 


O ae ey = fr Fy +qe0 no 


Exarmple. 
Data. 


FE, =25 N\mmt, st. 360/520 ا‎ 


Reg. Calculate M ult. 8 _ mmr 
300 
Solution. d-6es0omm , C= 50 mm 
0 ب „ 800 ے‎ _ 6٥ „ 650 = 406.256 mm 
D 600+ F, 600 + 360 


@ From equilibrium eqn. Co+Cg= T 
> a % (a « b) + A+ Fg = A4g* 
assume Es > Ey — Fs = F, (Under or Balanced Sec.) 
assume &g >y ڪ—‎ Fş- F, 
(25) (a) (300) + (530.9) (360) = (2280.7) (360) 
> (L=125.98 mm —-> C =1.25 dL = 157.48 mm < Cs 


.'. [The Section is Under Reinforced Sec. 


and the First assumption is right Fs =F, 
To check if the second assumption is right or wrong. Pg = F 


0 
Get Ey = ime 0 = 1.810 1 0.003 
2«10° 210 gre 
From Es 5 C-d _ 48 ل‎ 4 K3 چ‎ 
0.003 € ” 157.48 4 = 70 8 
E8 2٤ر ج‎ Fg= HF, “. The second assumption is right. 
M -2 F,ab(d-% ۰ 3 
. e 3 e ( -£)+ AF, (d-d) dL Cg 


= (25) (125.98) (300) (650 - 12-98) + (530.9)(360) (650-50) d-d | 
= 484431999 N.mm = 484.43 kN.m d- ¢ 
2 Mn = 484.43 kN.m 9 
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Example. 


50 سے 

Hats. | 530.9 
AAMAA 

2 

Foy = 25 N\mm 600 

st. 360/520 8 | 

e Calculate M ult. ٠ھ‎ e 

وڪم ا 
Solution. dl6esomm , d= 50 mm‏ 
+F, 600 + 360‏ 600 


@ From equilibrium eqn. Co+Cg= T 
5 Fe * (a «b) + A4 * 5 = A4g* 


assume Eg >Ey—-> Fs = E, (Under or Balanced Sec.) 


assume &; > 5y — =F, 
2 (25) (a) (250) + (530.9) (360) = (1608.5) (360) 


—> l=93.1 mm > C =1.25 d = 116.38 mm ( C 


. [The Section is Under Reinforced Sec. 


and the First assumption is right 1 ے‎ F۴ 


To check if the second assumption is right or wrong. ت‎ F 
Fy 360 
Get و‎ 


3 
0.003 1.8*10 ے ا کے 
2*10 2*10 
ا 3 3 ` 
8 ع 10« 1.711 = وE‏ و 66.38 From Es C-d‏ 
C 116.38 Ga‏ 0.003 


E: <, وچ‎ <F, 


The second assumption is wrong. 
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To Get the right value of @, Fg 
x From equilibrium eqn. 
Fou * a*b+ Ag» RF; =Ag* E, 


> (25) (a) (250) + (530.9) ( Fg) = (1608.5) (360) 


FŞ = 1090.71 7.848 QL 1 
x From compatibility eqn. 
Fs _1.25a-d ®: 
600 1.25 @ 


From eqns. MD, @ 


(1090.71 - 7.848) 1.25-50 


, Fg = 1090.71 - 7.848 (94.78) = 346.87 N\mmî 


CU 


Cg 
: Mu7f Bb (d-$)+ 4, (d-@) aa ا‎ 


2 
ق 


غ 


M=2 (25) (94.78) (250) (6s0- 0 ا‎ + (530.9((346.87((650- 50( 


= §4814172702 N.mm = 348.47 kN.m 


.|M,,,= 348.47 kN.m 
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Example. 


| 

530.9 2 ا 

TUT 
2 
= 25 N\mm st. 360/520 600 

Reg. M | | 

£ Calculate ult. 0 4910 
TUT 

2g 0- 
Solution. d= 650 mm , d= 50 mm 
600 600 
۽ کے‎ OG ٭ نے‎ 650 = 5 
0 Cè 600 + F, 600 + 360 2 


@ From equilibrium eqn. Co+Cg= T 
2 (a » b) + A;* FH; = A4g* KF 
assume &;s >6 ج-—‎ Fg = 1 (Under or Balanced Sec.) 
assume E; > E, ڪ—‎ =F, 
(25) (a) (250) + (530.9) (360(= (4910( )360( 
—> l= 378.35 mm> C =1.25 d = 472.94 mm > C 


b 
.'.[ The Section is Over Reinforced Sec. e 
8 


and the First assumption is wrong Fg <F, 


But the second assumption will be right Fg = 1 


To Get the right value of “u, Fg ر‎ > 
S 
2 (25) (a) (250) + (530.9) (360) = (4910) Fg d.Fg 


ULU= 337.31 mm‏ 0 کک کت 
S‏ 


1.250 = د 650 ا‎ uss Fg = 324.96 N\mmê 
600 +g 


Mag 3 kk, a b (d-£)+ AF  (d-d) dC 
=£ )25( )337.31( )250( (650 337-31) + (530.9) (360((650-50( ا‎ 3 
= 7911841741 N.mm = 791.18 kN.m ۱ 


“IM,,= 791.18 kN.m 
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Example. 


530.9 
Data. 2 
Fy = 25 N\mm 
St. 360/520 . 
4 1 
Reg. 
= Calculate Asb 


To make the sec. is balanced Sec. 8 
250 
and then get Mb 


Solution. 
For Balanced S'ec. C=C ,و‎ = OL, =0.8 Cb Fs-F, 
® c,d 6 „ 650 - 406.25 mm 
O 6o0 +F, 600 + 360 
@ «a= dy, =0.8 0.8 « 406.25 = 325 mm 
@ Get e Fy _ 360 _ 181075 0.003 
` 2410 210 4e 
From Ss _ Cd _ 356.5 e 8 چ‎ Es 
0.003 C PTT. OEE be E El 


From equilibrium eqn. Gat vd‏ چ 
a, * (@p* Db) + 44+ ۴y = 4s9* F‏ > 


> (25)(325) (260) + (530.9) (360) = Ag (360) 5 


“M, SE, a, b (d-%È J+ AE  (d-d( u 


Mr” „£ )25( )325()260( (650-355) + (580.9) (360) (650-50) a 
M = 774830650 N.mm = 774.83 kN.m 5 


IM, = 774.83 kN.m 
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£ a 


(p-p)*v * (5 -p) qo (2) $ 


(pp) (E) * 


fg 8S 9 =° T1 
2 Ey me.28 P"Y VY 9280 14 
ET 7$ (5-p)Q (#5) £=" 
Sy < 3a9 or (5- 1 = TO‘. 
8 70-2) 7P 3 p= 
(a > °. >89 I (E = ^3< 3 JI 
(pp) 7 A>. p= TA. 
(PCD? 1 
4 > 
“out 2 € ‘Tn و8‎ (5 -P( RW” E 
(a -0) mrs" Nl. 0_ _ 8000 wou A =8 
eq P0” 83 I Ry U 40240 oz 0us fan sy SJ asnn2aq 
Rr" 346 sı uodunssn 18 2U Sy 3026au < P10 =" 340} 
"p> D> P10 Pl'0 > o JI 
JI 
Q4 9Q 9Q 8 
029 سه‎ = Ep = = 8y + 0 8 + 
7 1 
=3 axayn 2 6 +13 <S3 aunssn 
8 
(0a pa010fuya xapu ) r” , ~^ 3€ 83 ss 
2 
7 Sy = Sr «< Spy+ q*D > wba uunywuqıpınba UOlad 


( 122s duo) $ “aL YPM) 


p+ 1 as 1 (( 80 =" ^ ِ = 7 0N 7 TA JY a101n010) Ol 


Example. 


Ss. 360/520 


Req. Calculate Mr, 


Solution o1 d = 75 mm 


600 
2 ا‎ 
CO mas = 0.8 (5) [ 8600 + (F\ 5s) 1 C = 0.35 d =0.35 «750 = 262.5 mm 


1610 mnê 
800 
750 
531mm 
ا0 ى2‎ 
ا‎ 2 
From equilibrium eqn. d* D + A4* [g= Ag* ر‎ 
assume Eg > &y—ڪ‎ Fs ل‎ (Under reinforced Sec.) 
8S 
assume E&¢§ > Ey ڪ—‎ Fg= 
8S 
2 Fou, ab + Ag» Û = Ag Fy 
3 Cc 5s 5s 
2 25 360 360 
(7È) (@) (250) + (531) (8L) = (1610 ) (E) 
ل ج‎ =121.6 Mm 
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.0.1d < ad < OL, Right assumption 


FE 
To check IF Fg-=- or not 


Ss 


HF 360 /1.15 
Get Ey = y/ 5s ا ت‎ = 1.565 *10 
E, 210 


C =1.25 U = 1.25 « 121.6 = 152 mm 8 س‎ 


Eg e-d 102 
From 8S _ L—«Cu 
0.003 C 52l وع‎ 
E85 _ 2 چ‎ 0.003 
0003 152 چ ناا‎ = 2.013 10 
نے ,> کا‎ Fg 
8S 


2F a b(d-%)+ A4, A (d-d 
r. 3 5e ( £ )+ sS 0 ) 


yı. = 3 (74) (121.6)(250) (750 - 121-6) + (581) (E2) (750-50) 


= 349154705 N.mm = $349.15 kN.m 


M, = 349.15 kN.m 


جج ج جح ص ج ج جج ج ج ص ج جص ج ص ڪڪ ححص جي و 
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